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GLYCOLIPID ANTIGEN AND TF RECEPTOR

GD3ganglioside (36), but not by IgM monoclonal antibody (4.2)
directed to the same ganglioside antigen.6 The present study

shows that the growth of AA12 and 27AV lymphoma cells is not
inhibited by either the 2D4 or 1B2 monoclonal antibodies, in
general agreement with the notion that tumor cells are less
susceptible than normal cells to surface-mediated growth inhibi

tion by antibodies (18).
In this study, however, new procedures using biotinylated

antibodies and avidin have been used to effect growth inhibition.
A similar, effective growth inhibition was observed with the anti-
glycolipid antibody and the secondary antibody. Thus, a cross-

linking of antibodies bound to glycolipid tumor antigens is essen
tial to induce growth inhibition, because no growth inhibition was
observed in nonexpressor cells, and no effect was observed
with the biotinylated anti-lactosaminyl antibody 1B2 and avidin.

The lactosaminyl antigen defined by antibody 1B2 was absent
from these cells. The cross-linking of gangliotriaosylceramide at
the surface of high-expressor cells has been assessed by cap

ping of the antigen in normal medium as well as in chemically
defined medium. The capping was specifically induced by the
biotinylated antibody 2D4 and avidin, but not by the biotinylated
antibody 1B2 and avidin.

The mechanism of cell growth inhibition induced by cross-

linking of glycolipid antigens has not been elucidated in depth;
however, a close correlation between glycolipid capping and
dysfunction of the TF receptor has been indicated by the fact
that the internalization of TF is greatly inhibited when cell growth
is inhibited by biotinylated 2D4 and avidin, although the TF
receptor is not capped together with gangliotriaosylceramide and
is distributed independently from gangliotriaosylceramide. A few
possibilities can be considered to explain the mechanism for the
inhibition of TF internalization induced by cross-linking of gangli

otriaosylceramide. (a) A capping of gangliotriaosylceramide may
cause a qualitative defect in the function of the lipid bilayer as
well as its associated cytoskeletal system, thus causing the TF
receptor present at the remaining plasma membrane to become
dysfunctional, (b) A more attractive mechanism is based on the
assumption of the presence of an as yet unidentified membrane
component X which may be closely associated with glycolipids
as well as with the TF receptor. The component X could be
essential in maintenance of TF receptor function and its inter
nalization. The component X could be moved with the glycolipid
antigen when the glycolipid antigen is capped by cross-linking,

thus inhibiting clustering of the TF receptor. Such a mechanism
may not be unrealistic in view of recent observations that some
membrane proteins are associated with glycolipids. An associa
tion of specific membrane proteins with a specific glycolipid has
been postulated. Globoside, the major glycolipid of human eryth-

rocytes, may be associated with unidentified proteins having
molecular weights of 50,000 and 76,000. This association has
been detected by cross-linking with bifunctional, photosensitive,
cross-linking reagents coupled to anti-globoside antibody (37).
In addition, the association of a low-molecular-weight polypeptide
antigen (Paul-Bunnell antigen) with the ganglioside fraction and
the specific affinity of this antigen with ganglioside GM3 have
been demonstrated (38).

A dysfunction of the TF receptor associated with cross-linking

of the glycolipid antigen is clearly indicated by the inhibition of
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TF internalization. A decrease of cell-associated, Pronase-resist-
ant TF was induced by the biotinylated anti-glycolipid antibody

and avidin. The results show clearly that internalization is inhib
ited in a time-dependent manner. TF is a ubiquitous growth

factor for essentially all animal cells, although the requirement
for TF varies significantly (13, 39). The TF receptor is expressed
on the surface of actively proliferating cells such as stem cells,
virus-infected cells, and malignant cells, but not on nonprolifer-
ating cells (14-18). Both the high-expressor AA12 cells and the

nonexpressor 27AV cells can be grown in chemically defined
medium in which TF is the only growth factor. These cells do
not require insulin, hydrocortisone, epidermal growth factor, or
platelet-derived growth factor, in striking contrast to many animal

cells which require these growth factors in addition to TF (39).
Furthermore, these cells do not seem to depend on an autocrine
effect.7 Since the growth of high-expressor AA12 cells was

specifically inhibited by the biotinylated antibody 2D4 and avidin,
but the AV27 cells were not, it is logical to assume that the
growth inhibition depends on capping of the TF receptor. Cells
whose growth was inhibited became refractory to TF stimulation
and did not internalize surface-bound TF, although the binding

capacity to TF was close to that of noninhibited cells.
High-expressor cells are susceptible to NK cells, in contrast

to nonexpressor cells which are insensitive to NK cells (9).
Although antibody 2D4 does not inhibit NK killing (9), other
monoclonal antibodies directed to gangliotriaosylceramide can
inhibit NK killing (40). A possible correlation between NK suscep
tibility and the expression of gangliotriaosylceramide has been
postulated (9, 41); however, various sublines showing a great
deal of variation in gangliotriaosylceramide expression all show
a similar NK susceptibility (9). More recent studies have found
evidence that the TF receptor could be a target structure for NK
cells (42). An interesting possibility is that a complex consisting
of gangliotriaosylceramide or other glycolipids and the TF recep
tor could be the essential target for NK cells. If either of the
components of this complex were absent, NK susceptibility
would be lost. For example, the nonexpressor AV27 cells do not
possess gangliotriaosylceramide, but they have the TF receptor
and therefore are not susceptible to NK killing. In agreement
with previous results (11), nonexpressor clones of gangliotriaosyl
antigen showed a significantly higher ability for host killing than
high-expressor clones in vivo. The average life span of DBA/2
mice inoculated with 106 high-expressor clone AA12 was 40
days, while that of mice inoculated with 106 nonexpressor clone
AV27 was 22 days. These high- and nonexpressors showed
identical growth curves in vitro in either serum-containing me

dium or chemically defined medium. In addition to providing NK
susceptibility, it is possible that the presence of gangliotriaosyl
ceramide greatly modifies growth factor-mediated cell growth by

ligands which could bind to gangliotriaosylceramide. The ligands
could be antibodies, lectins, glycosyltransferase, or glycosylhy-

drolases. The glycolipid antigens that characterize the lineages
and genetic origin of tumor cells may also greatly affect growth
regulation at the cell surfaces and may define the degree of
cancer.
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Fig. 1. AA12 cells were cultured In the presence of biotlnylated antibody 2D4 and avidin (a), biotinylated antibody 2D4 (c), avidin (d), unsubstituted biotinylated
antibody 2D4 and avidin (e), and biotinylated antibody 1B2(f)for48h. and pictures were taken under a phase-contrast microscope. AA12 cells pretreated with biotinylated
antibody 2D4 and avidin for 48 h were washed free of antibody and avidin and cultured for an additional 24 h in the absence of biotinylated antibody and avidin (b).
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B

Fig. 2. Biotinylated antibody 2D4 in AA12 cells. AA12 cells were precultured in the presence of biotinylated antibody 2D4 and avidin for 6 h (A, B) or 24 h (E. F), or in
the presence of the biotinylated antibody 2D4 alone for 6 h (C, D) or 24 h (G, H). Pretreated cells were stained with fluorescein isothiocyanate-conjugated rabbit anti-
mouse IgM, and pictures were taken under a fluorescent microscope (A, C, E, G) and under a phase-contrast microscope (S, D, F. H).
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