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ABSTRACT

Alterations in the expression of normal cell surface compo
nents on 13 transplantable hepatocellular carcinomas were ex
amined using a heteroantiserum [anti-/Wr 105,000 glycoprotein

(gp105)] reactive with a family of nine wheat germ agglutinin
binding components from normal rat hepatocytes with an aver
age molecular weight of 105,000. Analysis by two-dimensional
polyacrylamide gel electrophoresis of components immunopre-
cipitated by anti-gp105 antiserum from detergent extracts of

transplantable hepatocellular carcinoma cells surface labeled
with 125Irevealed qualitative and quantitative changes in the

expression of anti-gp105-reactive components with the most

consistent change being the apparent loss of a pair of acidic (pi
4.1 to 4.3) glycoproteins by all 13 transplantable hepatocellular
carcinoma lines. One-dimensional peptide maps of fragments

produced following digestion with V8 protease indicated that
these acidic components were closely related in structure but
differed significantly from other anti-gpi 05-reactive components.
Immunodepletion analysis with monoclonal antibodies and het-

eroantisera reactive with individual components recognized by
anti-gp105 antiserum showed that the two acidic glycoproteins
were antigenically and structurally identical to cell-CAM 105, a
M, 105,000 glycoprotein involved in cell-cell adhesion of rat
hepatocytes. Antibodies raised against purified cell-CAM 105

were specific in immunoprecipitation assays for the acidic com
ponents, strongly inhibited reaggregation of hepatocytes, and
displayed no reactivity by indirect immunofluorescence or im
munoprecipitation analysis with transplantable hepatocellular
carcinoma cells. These results suggest that major alterations in
the expression of cell-CAM 105 may be a consistent feature of

the malignant phenotype.

INTRODUCTION

Interest in determining the relationship between cell surface
alterations and the phenotypic changes characteristic of malig
nant cells, e.g., loss of histotypic patterns of growth, invasion of
normal tissues, and metastasis to distant sites, has been
prompted by studies showing a central role for cell surface
components in the control of growth, differentiation, develop
ment, and communication between cells. The application of
immunochemical techniques to the analysis of the cell surface of
normal and malignant cells has resulted in the identification of a
number of normal cell surface antigens which are inappropriately
expressed or lost on tumor cells as well as tumor-associated
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antigens which are not expressed by normal adult cells (1-6). In
a previous report, we described the production of a xenoanti-
serum (anti-gp1053) against a family of M, 105,000 wheat germ

agglutinin binding glycoproteins on normal hepatocytes and dem
onstrated that this family of glycoproteins was lost on 2 THC (4).
Since this initial report, we have focused our efforts on determin
ing whether other THCs demonstrate a similar loss of compo
nents reactive with anti-gp105 antiserum. In this paper, we show
that the 2 most acidic components recognized by anti-gp105
antiserum on normal hepatocytes are not expressed by 8 long-
term and 5 newly established (less than 10 transplant genera
tions) THC lines. We further show that these components are
identical to cell-CAM 105, a M, 105,000 glycoprotein previously
shown to be involved in the intercellular adhesion of reaggregat-
ing rat hepatocytes (7).

MATERIALS AND METHODS

Cells and Growth Conditions. Novikoff (8) and AS30D (9), THC lines
derived from azo dye-induced hepatocellular carcinomas, were main

tained in ascitic form by i.p. transplantation in female Sprague-Dawley
rats (HarÃanSprague-Dawley, Madison, Wl). THC 252, 311c, and 253

were obtained from Dr. Frederick F. Becker (The University of Texas-M.
D. Anderson Hospital and Tumor Institute, Houston, TX). These THC
lines were established by s.c. (THC 311c and THC 253) or i.p. (THC 252)
transplantation of primary tumors induced in ACI rats by 2-acetylamino-
fluorene (10, 11). For the present studies, THC 311c was adapted for
ascitic growth by weekly i.p. transplantation into male ACI rats (Science
Park Veterinary Resources Division, Bastrop, TX). THC 253.1 and THC
252.20 were culture lines established from soft agar clones of THC 253
and 252, respectively. THC 252.2 was a substrate-adherent subpopu

lation selected in vitro from THC 252. Selection was accomplished by
subculturing the adherent cells remaining after removal of nonadherent
cells by several washes in complete medium. After repeating this selec
tion for approximately 20 passages, a cell line of essentially 100%
adherent cells was obtained. THC cultures were maintained in vitro at
37Â°Cin an atmosphere of 95% air and 5% CO2 in Waymouth MB 752/

1 medium supplemented with 1.0 ^g of insulin (Elanco Products Co.) per
ml, 10% fetal bovine serum (Reheis), 50 ^g of Garamycin (Shering Corp.)
per ml, and 20 ng of growth stimulator (Collaborative Research) per ml.

THC 1683, 1682A, 1682B, 1682C, and 1677 were derived from
primary hepatic tumors in ACI rats maintained for 4 months on the
choline-deficient diet of Shinozuka et al. (12) containing 0.2% ethionine
and 8 months on a choline-supplemented (0.8%) diet without ethionine.

After maintenance for 5 to 10 passages by s.c. transplantation, all of the
ethionine-induced tumors except for THC 1682B were maintained in

vitro as described above. THC 1682B cells used in the present studies
were derived from s.c. tumors. Hepatocytes were obtained from normal
adult ACI rat livers by a previously described modification (4) of the

3The abbreviations used are: gp105, family of M, 105,000 glycoproteins; cell-

CAM 105, M, 105,000 glycoprotein involved in cell-cell adhesion of rat hepatocytes;
THC, transplantable hepatocellular carcinoma; SDS, sodium dodecyl sulfate; MAb,
monoclonal antibody; PAGE, polyacrylamide gel electrophoresis; anti-cell-CAM2
and anti-cell-CAMs, 2 antisera raised against purified cell-CAM 105.
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collagenase perfusion technique of Bonney ef al. (13). Short-term primary
cultures of hepatocytes were maintained on collagen-coated Retri dishes

(14) in Waymouth MB752/1 medium supplemented as described above.
Immunochemical Analysis. For immunochemical analysis, cells were

surface labeled with 126Ias previously described (15). Established cell

lines were suspended prior to labeling by either gentle agitation in
phosphate-buffered saline (4) or by scraping with a rubber policemen.

THC 1682B and TCH 311c were cultured for 24 h prior to labeling to
allow recovery from any proteolytic activity present in THC 311c ascites
or released during mechanical dissociation of THC 1682B cells. In the
case of THC 1682A, cells were treated as described by Dialynas et al.
(16) with 1 mÂ«methyl-p-hydroxybenzimidate-HCI to enhance the incor
poration of 125I.Specific activity of labeled cells was approximately 2 to

3 cpm/cell. Labeled cells were extracted for 1 h on ice in lysis buffer
containing 10 HIM Tris, 150 rriM NaCI, 0.5% Nonidet P-40 (Particle Data
Laboratories), aprotinin (100 KIU/ml) and (in some cases) 50 mM iodoa-

cetamide. Extracts were clarified by centrifugation at 30,000 x g for 20

min.
Immunoprecipitation analysis was accomplished by incubating aliquots

of detergent lysates from radiolabeled cells for 5 to 16 h with 2 to 5 ÃŸ\
of antiserum. Immune complexes were subsequently collected by ad
sorption to formalin-fixed Staphylococcus aureus (10% suspension; En

zyme Center, Inc., Boston, MA), and reactive components were resolved
by 2-dimensional PAGE (17). One-dimensional peptide maps of compo
nents immunoprecipitated with anti-gp105 antiserum from extracts of
125l-labeled cells were prepared using S. aureus V8 protease (Miles). Gel

slices containing reactive components resolved on 2-dimensional gels

and visualized by autoradiography were reswollen in stacking gel buffer
plus 1 HIM EDTA and 10% glycerol, inserted into wells of 12.5% slab
gels, and digested with V8 protease as described by Cleveland ef a/.
(18).

Comparison of the reactivity of 2 different antisera that immunoprecip-

itate components with similar molecular weights was accomplished by
immunodepletion analysis (15). This involved sequentially immunoprecip-
itating radioiodinated extracts with the first antiserum until SDS-PAGE

analysis indicated that all reactive components had been removed. This
immunodepleted extract was then immunoprecipitated with the second
antiserum, and the immunoprecipitates were analyzed by SDS-PAGE as

previously described (15). Apparent molecular weights were calculated
from protein standards [phosphorylase a (M, 92,000), bovine serum
albumin (M, 68,000), ovalbumin (M, 43,000), and carbonic anhydrase (M,
29,000)] run concurrently with radioactively labeled samples.

Antibodies. Anti-gp105 antiserum (4) was produced and characterized

as described previously. This antiserum is reactive with a family of
glycoproteins with an average molecular weight of 105,000. The prepa
ration and characterization of monoclonal antibodies reactive with Com
ponent 7 (MAb 236.3) and Components 8 and 9 (MAb 236.4) in Fig. 1,
A and B, have been previously described (19-21 ). Antisera against normal

rat hepatocytes, THC 1682 A, and THC 252 cells were raised in BALB/
c mice. Mice were given injections i.p. at 10-day intervals with 5 x 106

cells in phosphate-buffered saline. Serum used in the present studies

was collected 10 days after the fourth injection.
Rabbit antisera against cell-CAM 105 were prepared in the following

way. Anti-cell-CAM2 was prepared as previously described (7) by immu
nizing with a purified fragment of cell-CAM 105 obtained by limited
papain digestion. Anti-cell-CAMe was produced by immunizing according
to the same scheme (7) with intact cell-CAM 105 purified from Triton X-
100-solubilized plasma membranes by immunoaffinity chromatography
on anti-cell-CAMj-Sepharose, followed by preparative PAGE in SDS and

electroelution of the M, 105,000 protein. The IgG fraction of antisera was
isolated by affinity chromatography on Protein A-Sepharose. Fab frag

ments were produced by papain digestion of IgG and purified on Protein
A-Sepharose and Sephadex G-100 as described previously (7).

Adhesion Assays. Methods for measuring intercellular adhesion by
reaggregation in suspension and for measuring inhibition of cell adhesion
by Fab fragments have been described (7).

Immunofluorescence. Methods for staining frozen sections by indi
rect immunofluorescence and for intrahepatic transplantation of THC
253 and THC 1682c cells have been described (4, 22). Fluorescein-
conjugated, affinity-purified, goat anti-rabbit IgG was obtained from

Kirkegaard and Perry or from Nordic Immunological Laboratories, Tilburg,
The Netherlands.

RESULTS

Immunoprecipitation Analysis of THC Cells. Two-dimen
sional PAGE analysis of anti-gp105 immunoprecipitates from
detergent extracts of 125l-labeled THC cells indicated that all of

the tumor lines expressed cell surface components reactive with
antÂ¡-gp105antiserum (Fig. 1). When autoradiograms from tumor

and normal hepatocyte extracts were superimposed to allow
comparison of components with similar mobilities, it became
apparent that tumor cells showed both qualitative and quantita
tive alterations in reactivity with anti-gp105 antiserum, with the

most consistent change being the apparent loss of 2 major acidic
components (Fig. 1, Components 1 and 2) by all THC lines
tested. Our inability to immunoprecipitate this pair of acidic
glycoproteins from extracts of 125l-labeledhepatocytes with anti-

sera raised in mice against THC 1682A and THC 252.2 cells
(Fig. 2) provided additional evidence that these components were
not expressed on the surface of the THC cells.

Structural Relationships between Anti-gp105-reactive
Components. To determine the structural relationships between
the various components recognized by anti-gp105 antiserum,
reactive components purified by immunoprecipitation and 2-

dimensional gel electrophoresis were peptide mapped using the
V8 protease protocol of Cleveland ef a/. (8). Fig. 3 shows that
acidic Components 1 and 2 have very similar peptide maps. The
larger acidic component, however, does display an extra peptide
fragment (arrow), suggesting that the smaller component may
have less carbohydrate or, alteratively, may be derived by pro-

teolysis of the larger. The possibility that these structural differ
ences were an artifact of proteolysis resulting from exposure to
collagenase during isolation of hepatocytes was ruled out by the
presence of both acidic components in immunoprecipitates from
detergent extracts of hepatocytes which had been cultured for
24 h to allow regeneration of the cell surface (data not shown).
It can also be seen in Fig. 3 that the peptide maps of acidic
Components 1 and 2 differed significantly from those of Com-

pH â€”
MW

105K-
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105K-

Fig.2. Reactivityof mouseantiseraagainstnormalhepatocytesandTHC 1682A
and THC 252.2 cells. A to C show 2-dimensional gel profiles of components
immunoprecipitatedfrom extracts of radioiodinated hepatocytes with anti-normal
hepatocyte (A),anti-1682A(B),and anti-252.2 (C)antiserum.Numberson individual
components were determined as described in the legend to Fig. 1.
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Fig. 3. Peptide maps of anti-gp105-reactive components, '"(-labeled
components immunoprecipitated from extracts of radioiodinated hepa-
tocytes were separated by 2-dimensional PAGE. Individual components
localized by autoradiography were excised from the gel and peptide
mapped using V8 protease as described by Cleveland ef al. (18). Diges
tions in a to c were performed with 0, 0.1, and 0.5 M9 of V8 protease.
Peptide maps shown in Lanes 7 to 9 in each panel correspond to
Components 1 to 9 in Fig. 1A.
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ponents 3 to 9.
Identity between Acidic Components Missing on THC Cells

and Cell-CAM 105. Parallel studies carried out to determine the
function of components recognized by anti-gp105 antiserum
suggested that cell-CAM 105, the Mr 105,000 hepatocyte cell

adhesion molecule isolated by Ocklind and Ã–brink (7), might be
one of the components recognized by this antiserum. This was
first suggested by the fact that Fab fragments prepared from
anti-gp105 antiserum were able to inhibit the reaggregation of
rat hepatocytes (data not shown). The reactivity of anti-gp105

with cell adhesion molecules was subsequently confirmed by

1234567 8

3c

immunochemical analysis with the antiserum, anti-cell-CAM2,
raised against cell-CAM 105 (7). As shown in Fig. 4, immunode-
pletion of 125l-labeled hepatocyte extracts with anti-gp105 re

moved all components reactive with anti-cell-CAM2, whereas
immunodepletion with anti-cell-CAM2 only partially removed reac
tivity with anti-gp105. These results indicated that only a subset
of the components recognized by anti-gp105 was reactive with
anti-cell-CAM2. That this subset did not include Components 7

to 9 was indicated by the inability of MAb 236.3 and 236.4 to
remove components reactive with anti-cell-CAM2 from hepato

cyte extracts (Fig. 4).
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Fig. 4. Immunodepletion analysis with anti<ell-CAM2 and anti-gp105 antisera.

Aliquots of radioiodinated hepatocyte extracts were sequentially immunoprecipi-
tated with anti-cell-CAM2 or anti-gp105 antisera until all reactive components were
removed. This immunodepleted extract was then immunoprecipitated with a second
antiserum or monoclonal antibodies against Components 7 (Mab 236.3) and 8 and
9 (MAB 236.4). Lanes A and B, first and third immunoprecipitations with anti-gp105
antiserum; Lane C, components immunoprecipitated with anti-cell-CAM2 antiserum
from anti-gp1 OS-depleted extract; Lanes D and E, first and third immunoprecipitation
with anti-cell-CAM2 antiserum; Lanes F, G, and H, components immunoprecipitated
from anti-cell-CAM2-depleted extract with MAB 236.3 (F), MAB 236.4 (G), and anti-

gp105 (H); Lanes / and J and Lanes L and M, first and third immunoprecipitations
with MAB 236.3 (/ and J) and MAB 236.4 (L and M); Lanes K and N, components
immunoprecipitated with anti-cell-CAM2 from MAB 236.3-depleted (K) and MAB
236.4-depleted (W)extracts.
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Fig. 5. Two-dimensional electrophoretic analysis of anti-cell-CAM2 immunopre-

cipitates. Immunoprecipitation was earned out using 2 liters of anti-cell-CAM?
antiserum as described in the legend to Fig. 1. A and B show components
immunoprecipitated from radioiodinated extracts of normal hepatocytes (A) and
THC 252.2 (B).

The identity of these adhesive components was subsequently
determined by 2-dimensional gel analysis of anti-cell-CAM2 im-
munoprecipitates. It can be seen in Fig. 5 that anti-cell-CAM2
showed reactivity with 4 of the components recognized by anti-

gp105 (Components 1, 2, 3, and 6). Of particular interest was
the strong reactivity of anti-cell-CAM2 with the 2 major acidic

components (Components 1 and 2) that were shown above to
be missing on THC cells. That anti-gp105 and anti-cell-CAM2

antisera were recognizing the same acidic components was also
supported by results in Fig. 5, showing that anti-cell-CAM2

immunoprecipitates from THC 252.2 cells lacked the 2 acidic
Components 1 and 2 but contained the same relative amounts
of the basic M, 105,000 Component 3 as was present in anti-

gp105 immunoprecipitates.
Two-dimensional gel analysis of immunoprecipitates obtained

with anti-cell-CAM8 revealed that this antiserum was highly spe

cific for 2 M, 105,000 acidic components with mobilities identical
to those of Components 1 and 2 recognized by anti-gp105 and

anti-cell-CAM8 antisera (Fig. 6). That these were the same com

ponents was indicated by their absence in material immunopre
cipitated with anti-gp105 from hepatocyte extracts which had
been immunodepleted with anti-cell-CAM8 antiserum (Fig. 6).

Immunodepletion only removed Components 1 and 2, but not
Components 3 to 9. When the effect of anti-cell-CAM8 antiserum

on cell adhesion was examined, it was found that Fab fragments
prepared from this antiserum inhibited the reaggregation of he
patocytes as effectively as Fab fragments prepared from anti-
cell-CAM2 antiserum (Chart 1). Consistent with its specificity,
anti-cell-CAM8 showed no reactivity in indirect immunofluores-

cence assays with tumor nodules of THC 253 cells produced by
intrahepatic transplantation (4) but displayed strong reactivity
with the surrounding parenchymal tissues (Fig. 7). As shown in
Fig. 6, anti-cell-CAMe was also unreactive in immunoprecipitation

105K-

105K-

105K-

1 2

â€¢

6
Fig.6. Immunoprecipitationand immunodepletionanalysis with anti-cell-CAMÂ«

antiserum.A, 2-dimensionalelectrophoreticanalysisof components immunoprecip
itated with 101Â¡\of anti-ceii-CAMaantiserumfrom radioiodinatedhepatocyteextract;
B, 2-dimensionalelectrophoretic analysis of components immunoprecipitatedwith
3 M!of anti-gp105 antiserumfrom radioiodinatedhepatocyte extract that had been
immunodepleted by 4 sequential immunoprecipitations with anti-cell-CAMaanti-
serum. Depletionremovedonly components 1 and 2. C, 2-dimensionalelectropho
retic analysis of components immunoprecipitated from radioiodinated extract of
THC 1682A cells with 10 ^l of anti-cell-CAMeantiserum.
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Chart 1. Inhibitionof hepatocyte aggregation by anti-cell-CAMeFab fragments.

Preparationof rat hepatocytes from male Sprague-Dawleyrats and determination
of cell aggregation from a shaken suspensionof cells (2 x 10*/ml)were performed
as previously described (18, 21). The inhibitory effects (ordinate) on aggregation
by various amounts (abscissa)of Fab fragments of anti-cell-CAMs(â€¢)or IgG from
preimmune serum (O) are shown. The given values are averages of duplicate
determinations.
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Fig. 7. In situ reactivity of anti-cell-CAM8as determined by indirect immunoflu-
orescence. Acetone-fixed frozen sections of normal rat liver (A and B) or liver
containing nodules of THC 253 (C) were stained by indirect immunofluorescence.
In A. staining of normal liver often appeared as 2 separated but closely running
parallel lines located in the vicinity of the bile canaliculi. This is shown at higher
magnification in B. In C, tumor cells (f) showed little or no reactivity relative to the
surrounding parenchymaltissue (p).A and C, x 160; B, x 100.

assays with extracts of THC 1682A cells.
Taken together, all these data clearly demonstrate that the

acidic Components 1 and 2 recognized by anti-gp105 and anti-
cell-CAM2 antisera, and missing on THC cells, are identical with
the hepatocyte cell adhesion molecule, cell-CAM 105.

DISCUSSION

In this paper, we demonstrate that the expression of 2 major
acidic components recognized by anti-gp105 antiserum, a xe-

noantiserum raised against a family of M, 105,000 glycoproteins
on normal hepatocytes (23), is markedly altered on 13 different
THC lines. Although results of 2-dimensional PAGE analysis of
material immunoprecipitated with anti-gp105 from detergent ex
tracts of 125l-labeledTHC cells suggested that these components

were not present on the surface of THC cells, consideration
must also be given to the alternative possibility that these acidic
components are cryptically expressed on tumor cells and thus
are not accessible to iodination. Results of immunoprecipitation
using rabbit or mouse antisera raised against THC 1682A and
THC 252.2 cells indicate, however, that at least some THC cells
have lost the expression of these acidic components. When

components immunoprecipitated from normal hepatocytes with
anti-1682A and anti-252 antisera were analyzed by 2-dimen

sional PAGE, neither showed any reaction with the 2 acidic
components. In contrast, mouse anti-normal hepatocyte anti-

serum raised by an identical immunization schedule displayed
strong reactivity with the acidic components recognized by anti-
gp105. Indeed, reactivity against cell-CAM 105 was apparent

following a single immunization with hepatocytes. Taken to
gether, these results suggest that the 2 acidic glycoproteins are
either missing or are expressed in very low quantities which,
under our immunization protocol, are insufficient to induce anti
body production. The fact that intrahepatic nodules of THC 253
were unreactive with anti-cell-CAM8 suggests further that at least

on this THC line the absence of the 2 acidic components is not
caused by loss of antigenicity during the iodination reaction or
an inability to solubilize these components from tumor cells. A
loss of reactivity resulting from structural alterations in the acidic
components expressed by tumor cells also seems unlikely, since
all the antisera used in the present studies are polyclonal and
thus presumably reactive with a number of different epitopes, all
of which would have to be altered in order to abrogate reactivity.
However, structurally, changes (particularly those involving
changes in glycosylation) could alter mobility on 2-dimensional

PAGE gels making it appear that the 2 acidic components were
no longer present. Although this could explain the loss of these
components on AS30-D, THC 311c, and Novikoff cells, the 3
THC lines which showed the greatest alterations in anti-gp105-

reactive components, this seems less likely for THC 1682A,
1677, 252.12, and 253, since there were no 125l-labeledcompo

nents in the anti-gp105 immunoprecipitates from these tumor

cells which did not have a counterpart in Â¡mmunoprecipitates
from normal hepatocytes.

Immunodepletion analysis with anti-cell-CAM2 and anti-cell-

CAM8 demonstrated that the 2 acidic components immunopre
cipitated by anti-gp105 antiserum were antigenically identical to
cell-CAM 105. This antigenic relationship was also suggested by
the fact that anti-cell-CAM8 antiserum which was demonstrated

by immunoprecipitation analysis to be specific for these compo
nents showed no reactivity in immunoprecipitation assays with
THC 1682A cells or by indirect immunofluorescence with THC
253 cells. That the 2 acidic components were functionally related
to cell-CAM 105 was indicated by the ability of anti-cell-CAM8
antibodies to specifically inhibit cell-cell adhesion of hepatocytes.

Anti-cell-CAM2 and anti-cell-CAM8 antisera both reacted with

a minor M, 90,000 component in addition to Components 1 and
2. Although we could not obtain enough of this component for
peptide maps, it seems likely that it represents a proteolytic
fragment of one of the M, 105,000 components, since this M,
90,000 component was never observed independently of the 2
M, 105,000 components. This conclusion is supported by chem
ical characterization of purified cell-CAM 105,4 which has dem

onstrated that this protein is very susceptible to autodegradation.
Often, an M, 90,000 degradation component occurs in these
preparations. When the autodegradation is allowed to proceed,
the major degradation component of purified cell-CAM 105 be

comes an M, 70,000 component. This degradation product
showed up as a minor M, 70,000 component in immunoprecipi-

4D. Vestweber, C. Ocklind, A. Gossler, P. Odin, B. Ã–brink,and R. Kemler.
Comparison of two cell adhesion molecules: uvomorulin and cell-CAM 105, sub
mitted for publication.
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tates with anti-cell-CAM2 (data not shown). Previous work by

Ocklind ef al. (24) and Obrink ef al. (25) has demonstrated that
an M, 70,000 protein, CDP, which is immunologically, structurally,
and functionally related to cell-CAM 105, occurs as a distinct

protein on the hepatocyte surface. Thus, the M, 70,000 compo
nent might represent a biologically active proteolytic fragment of
the Mr 105,000 adhesion molecules.

As shown in Fig. 3, the peptide map of the higher molecular
weight and more basic form of cell-CAM 105 contains an addi

tional peptide fragment, suggesting that the lower form may be
produced by proteolysis of the upper form. If this proteolysis
were due to degradation during extraction or immunoprecipita-

tion, one would expect to see variability in the amounts of the 2
components. However, these 2 forms have been observed in
approximately the same relative amounts in over 50 different
autoradiograms produced from 2-dimensional gels of immuno-

precipitates from extracts prepared under conditions which min
imize proteolysis (aprotinin, 100 KIU/ml, with or without 50 rriM
iodoacetamide), thus raising the possibility that this proteolytic
degradation may be biologically significant and play a necessary
role in the function of cell-CAM 105.

Gallin eÃal. recently reported on the isolation of an M, 124,000
cell adhesion molecule (L-CAM) from embryonic chicken liver
cells (26). If structural homology exists between cell-CAMs from

the same tissue in different species, the molecular weight differ
ential between L-CAM and cell-CAM 105 might indicate that cell-

CAM 105 exists normally as an M, 125,000 molecule which is
degraded during isolation of hepatocytes to a stable M, 105,000
form. This possibility seems unlikely, however, since no new
higher-molecular-weight components were observed in anti-

gp105 immunoprecipitates from detergent extracts of hepato
cytes which had been cultured for 24 h to allow regeneration of
the cell surface. In addition, we have never observed any 125I-

labeled components with molecular weights of greater than
105,000, which by one-dimensional peptide mapping techniques
showed close structural homology to cell-CAM 105. It seems
likely, therefore that L-CAM and cell-CAM 105 are distinct mol
ecules. Both the biochemical and the functional properties of L-

CAM are, however, very similar to those of uvomorulin (27) and
cadherin (28), which are involved both in the compaction of
preimplantation mouse and rat embryos and in the cell-cell

adhesion of embryonic mouse hepatocytes. It has recently been
demonstrated by direct comparison that cell-CAM 105 and uvo
morulin are distinct and different molecules."

Although the role of the acidic M, 105,000 components in cell-

cell adhesion has been confirmed by the ability of Fab fragments
prepared from anti-cell-CAM8 antiserum, which is specific for

these components, to inhibit adhesion, the role of the other
components (Components 3 and 6) recognized by anti-cell-CAM2

antiserum remains to be determined. With the exception of
Novikoff, THC 311c, and THC 252.12, all the THC cell lines
tested demonstrated cell-cell adhesion. AS-30D and THC

252.20, for example, grew as aggregates of cells connected by
intermediate junctions, while THC 1677 and 1683 cells were
attached via well-defined desmosomal junctions.5 In addition, we

observed in coculture experiments that THC 1682c and THC
252.2 cells rapidly adhered to and formed intermediate junctions
with primary cultures of hepatocytes. Taken together, these

5D. C. Hixson, K. D. McEntire. and B. Ã–brink,unpublishedresults.

observations suggest that THC cells and hepatocytes may have
other mechanisms of cell-cell adhesion which are not mediated
by cell-CAM 105. In this regard, none of our findings to date has

ruled out the possibility that the more basic M, 105,000 compo
nent recognized by anti-cell-CAM2 antiserum (Component 3) is
also involved in cell-cell adhesion.

Anti-cell-CAM2 also reacted with an M, 150,000 component

(Component 6). The most likely explanation of this is that the
purified proteolytic fragment of cell-CAM 105 used for immuni

zation was contaminated with a proteolytic fragment of the M,
150,000 component. However, this M, 150,000 component was
only detected by anti-cell-CAM2 when intact, viable cells were

labeled but never when isolated plasma membranes were labeled
before solubilization and immunoprecipitation (see, e.g., Refs. 7
and 24). This is in agreement with our recent findings that this
M, 150,000 component might be the hepatocyte epidermal
growth factor receptor.6 It is well documented that the epidermal

growth factor receptor is obtained as a smaller component if it
is solubilized from isolated plasma membranes instead of intact
cells (29).

The altered expression of cell-CAM 105 by 13 THC lines with

differing origins and transplantation histories raises the possibility
that changes in this adhesion molecule may play a central role
in the acquisition of the malignant phenotype. A decrease in the
surface expression of cell-CAM 105 may alter the stability of

adhesive interactions, thereby increasing the mobility of malig
nant cells and allowing them to more easily infiltrate and invade
the surrounding normal tissues. This idea is suggested by recent
studies demonstrating that changes in the expression of low-
and high-affinity forms of chick neural cell adhesion molecule are

closely associated temporally with changes in axon and dendritic
migration during histogenesis of nerve tissues (30). Also con
sistent with this idea are preliminary results from our studies of
fetal liver which indicate that cell-CAM 105 is absent in 15-day

fetal liver, a development stage where mobility is needed to allow
the formation of histotypic arrangements, but is present in 19-
day fetal liver, a stage in hepatic development where well-defined

trabeculae are present, and stable interactions which limit cell
migration are becoming dominant. Alternatively, it seems possi
ble that the altered expression of cell-CAM 105 may be related

to tumor progression or may stem from selection for subpopu
lations of cell-CAM 105-negative cells during adaptation to

growth in vitro or in vivo in a s.c. or ascitic environment. It might
also be possible that the normal expression of cell-CAM 105 is

involved in regulation of proliferation and/or terminal differentia
tion of normal hepatocytes.

We are currently attempting to construct hybridomas secreting
monoclonal antibodies specific for each of the acidic components
recognized by anti-gp105 and anti-cell-CAM antisera to examine

the expression and localization of these components in primary
hepatic tumors and metastatic foci. By examining the expression
of cell-CAM 105 in primary hepatic lesions and metastatic foci,

it may be possible to determine whether the altered expression
of cell-CAM 105 is a primary event leading to cancer or is a

secondary event associated with tumor progression. For exam
ple, if the altered expression of cell-CAM 105 is closely associ
ated with cancer, similar changes should be present in hepato-

cellular carcinomas but not in benign hepatic lesions. On the

6D. C. Hixson, K. D. McEntire, and B. Ã–brink,unpublisheddata.

CANCER RESEARCH VOL. 45 AUGUST 1985

3747

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2422640/cr0450083742.pdf by guest on 19 M

ay 2023



ALTERED EXPRESSION OF ADHESION MOLECULES

other hand, if the apparent loss is associated with transplanta-
bility, one might predict that a high percentage of metastatic foci
will show an altered expression of cell-CAM 105. We are also

carrying out experiments with THC lines and primary hepatic
tumors to determine if there is any correlation between the
invasive and metastatic behavior of THC lines or the transplant-
ability of primary hepatic tumors and alterations in the expression
of cell-CAM 105.
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Fig. 1. Reactivity of anti-gp105 antiserum with THC cells. A to W represent components immunoprecipitated with 3 liters ot anti-gp105 antiserum from 1.25 x 105 (A
and B) or 2.5 x 105 (C to W) cell equivalents of 125l-labeled detergent extract. Autoradiograms shown in A and B and D to N were exposed for 72 h at -70Â°C. The
autoradiogram in C was exposed for 1 month at â€”70Â°C.Numbers assigned to components in C to N correspond to the numbers on components with similar or identical

mobilities in A and 8. A and 8, normal hepatocytes; C, THC 253.1; D, THC 1682A; Â£,THC 1677, F, THC 1682B; G, THC 1683; H, 1682c; /, THC 252.20; J, Novikoff
THC; K, THC 252.12; L, THC AS30D; M, THC 252.2; W, THC 311c.
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