Downloaded from http://aacrjournals.org/cancerres/article-pdf/45/6/2793/2422765/cr0450062793.pdf by guest on 18 May 2022



GLYCOLIPID ANTIGEN AND TF RECEPTOR

Gos ganglioside (36), but not by IgM monoclonal antibody (4.2)
directed to the same gangiioside antigen.® 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 gangliotriaosyiceramide 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 gangliotriaosyiceramide. 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 Gus 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.” 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 10® high-expressor clone AA12 was 40
days, while that of mice inoculated with 10® 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, glycosyitransferase, or glycosyihy-
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.

REFERENCES

1. Critchley, D. R., and Vicker, M. G. Glycolipids as membrane receptors impor-
tant in growth regulation and cell-cell interactions. /n: G. Poste and G. L.

7Y. Okada and S. Hakomori, unpublished observation.

CANCER RESEARCH VOL. 45 JUNE 1985
2798

220z Aen 81 uo 3sanb Aq ypd-€6.290057040/59.2212/€6.2/9/S¥/yPpd-01on1e/sa1180ue/610"s|euINOfI0E//:dRY WOl papeojumo]



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

21.

. Fishman, P. H., and Brady,

. Hakomori, S. Glycosphingolipids

. Hakomori, S., and Kannagi, R.

GLYCOLIPID ANTIGEN AND TF RECEPTOR

Nicolson (eds.). Dynamic Aspects of Cell Surface Organization, Vol. 6, pp.
308-370. Amsterdam: Elsevier/North Holland Biomedical Press, 1977.

R. O. Biosynthesis and function of gangliosides.
Science (Wash. DC), 794: 806-915, 1976.

. Hakomori, S. Structmesandorgmzahonofoeﬂsurfacegiycoipids

on cell

ency and malignant transformation. Biochim.
417: 55-89, 1975.

. Biophys. Acta,

in cellular interaction, differentiation, and
is. Annu. Rev. Biochem., 50: 733-764, 1981.

.Ungwood.C.,andHakqmoﬂ.S.&lecﬁvemhiblﬁonofceﬂgmwMandasso-

ciated changes in glycolipid metabolism induced by monovalent antibodies to
glycolipids. Exp. Cell Res., 108: 385-391, 1977.

. Spiegel, S., and Wilchek, M. Membrane

sialoglycolipids emerging as possible
signal transducers for lymphocyte stimulation. J. Immunol., 727: 572-575,
1981.

. Spiegel, S., and Wikchek, M. Grafting of triggering site onto lymphocytes;

Glycosphingolipids as tumor-associated and
differentiation markers. J. Natl. Cancer Inst., 77: 231-251, 1983.

. Young, W. W., Jr., Hakomori, S., Durdik, J. M., and Henney, C. S. identification

of ganglio-N-tetraos asanewcellsuﬂacemarkerformurinenaunl
kitler (NK) celis. J. Immunol., 724: 199-201, 1980.
Urdal, D. L., and Hakomori, S. NK cell-target interactions:

Biol. Chem., 258: 6869-6874, 1983.

Young, W. W., Jr., and Hakomori, S. Therapy of mouse lymphoma with
monocional antibodies to gt : selection of low antigenic variants in vivo.
Science (Wash. DC), 211: 487—489, 1981.

Murakami, H., Masui, H., Sato, G. H., Sueoka, N., Chow, T. P., and Kano-
Sueoka, T. Growmdhybndomaeelsmsemm-ﬁeenmm ethanolamine is
an essential t. Proc. Natl. Acad. Sci. USA, 79: 1158-1162, 1982.
Hayashi, |., Lamer, J., and Sato, G. Hormonal growth control of cells in culture.
In Vitro (Rockville), 74: 23-30, 1978.

Omary, M. B., Trowbridge, |. S., and Minowada, J. Human cell-surface glyco-
protein with unusual properties. Nature (Lond.), 286: 888-891, 1980.
Sutherland, R., Delia, D., Schneider, C., Newman, R., Kemshead, J., and
Greaves, M. tbnqwtousoel-sufaoegfycopfownmumcelsisprmw\-
associated receptor for transferrin. Proc. Natl. Acad. Sci. USA, 78: 4515-
4519, 1981.
Trowbridge, I. S., and Lopez, F. Monocional antibody to transferrin receptor
md(smm and inhibits human tumor cell growth in vitro. Proc.
Natl. Acad. Sci. USA, 79: 1175-1179, 1982.

Trowbridge, I. S., and Omary, M. B. Human cell surface glycoprotein related
to cell proliferation is the receptor for transferrin. Proc. Natl. Acad. Sci. USA,
78: 3039-3043, 1981.

Lingwood, C. A., and Hakomori, S. Selective inhibition of cell growth and
assodatedchmges glycolipid metabolism induced by monovalent antibody
to glycolipids. Exp. Cell Res., 108: 385-391, 1977.

Lingwood, C. A., Ng, A., andHakomon S. Monovalent antibodies directed to
transformaﬁon—sensitwemembvme inhibit the process of onco-
genic transformation. Proc. Natl. Acad. Sci. USA, 75: 6049-6053, 1978.

. Mandel, P., Dreyfus, H., Yusufi, A. N. K., Sarfieve, L., Robert, J., Neskovic, N.,

Harth, S., and Rebel, G. Neuronal and glial cell cuitures, a tool for

of gangioside function. Adv. Exp. Med. Biol., 125: 515-531, 1980.

Young, W. W., Jr., MacDonald, E. M. S., Nowinski, R. C., and Hakomori, S.
Production of monocional antibodies specific for distinct portions of the gly-
colipid asialo GM; (gangiiotriaosyiceramide). J. Exp. Med., 150: 1008-1019,
1979.

. Young, W. W., Jr., Portoukalian, J., and Hakomori, S. Two monocional anti-

23.

24,

25.

37.

1.

42.

.KeenanTWScfmd

carbohydrate antibodies directed to glycosphingolipids
type i chain. J. Biol. Chem., 256: 10967-10972, 1981.
Bayer, E. A.; Wilchek, M., and Skuteisky, E. Affinity cytochemistry: the local-
ization of lectin and antibody receptors on erythrocytes via the avidin biotin
complex. FEBS Lett., 68: 240-244, 1976.

Lesley, J., Hyman, R., Schulte, J., and Trotter, J. Expression of transferrin
receptor on murine hematopoietic progenitors. Cell. immunol., 83: 14-25,
1984,

Durdi(JM Beck, B. N., Clark, E. A., and Henney, C. S. Characterization of
a lymphoma cell variant selectively resistant to natural killer cells. J. Immunol.,
125: 683-688, 1980.

with a lacto-N-glycosyl

. Larrick, J. W., and Cresswell, P. Transferrin receptors on human B and T

cell lines. Biochim. Blophys. Acta, 583: 483-490, 1979.

. Greenwood, F. C., Hunter, W. M., and Glover, J. S. The preparation of I-131-

labelled human growth hormone of high specific radioactivity. Biochem. J., 89:
114-123, 1963.

. Callies, R., Schwarzmann, G., Radsak, K., Siegert, R., and Wiegandt, H.

Characterization of the cellular binding of exogenous gangliosides. Eur. J.
Biochem., 80: 425-432, 1977.

Icarel-Liepkains, C., Liepkains, V. A., Yates, A. J., and Stephens, R. E. Cell
cydephmofthenoveltunanneualcaﬂbnemdttueeﬂectofexogenws
gangliosides. Biochem Btophys Res. Commun., 705: 225-230, 1982.

, Franke, W. W., andWiegandt H. Exogenous
gmmwwmmammmmmm
mouse cells. Exp. Cell Res., 92: 259-270, 1975.

. Laine, R. A., and Hakomori, S. incorporation of exogenous

glycosphingolipids
in plasma membranes of cultured hamster celis and concurrent change of
growth behavior. Biochem. Res. Commun., 54: 1039-1045, 1973.

Biophys.
. Lengle, E. E., Krishnaraj, R., and Kemps, R. G. Inhibition of the lectin-induced

MWMWWW Cancer Res., 39: 817-
, 1979.

. Schwarzmann, G., Hoffman-Bleihauser, P., deber'l. J., Sandhoff, K., and

and inhibition by tunicamycin. Eur. J. Bioehem 134: 47-54, 1983.

. Dippoid, W. G., Knuth, A., and zum BOsehenfelde, K-H. M. Inhibition of human

melanoma cell growth /n vitro by monocional anti-Gos-ganglioside antibody.
Cancer Res., 44: 806-810, 1984.
Lingwood, C. A., Hakomori, S., and Ji, T. H. A glycolipid and its associated
proteins: evidence by cross-inking of human erythrocyte surface components.
FEBS Lett., 112: 265-268, 1980.

. Watanabe, K., Hakomori, S., Powell, M. E., and Yokota, M. The amphipathic
membrane

proteins associated with gangfiosides: the Paut-Bunnell antigen is
gt;gof;:; gangiophilic proteins. Biochem. Biophys. Res. Commun., 92: 638—
, 1980.

. Bames, D., and Sato, G. Methods for growth of cultured cells in serum-free

medium. Anal. Biochem., 102: 255-270, 1980.

YogeeswaranGGronbergAHmssonMDalmsT , R., and
Weish, R. M. Correlation of glycosphingolipids and sialic acid in YAC-1 lym-
phoma variants with their ity to natural killer-celi-mediated lysis. Int. J.
Cancer, 28: 517-526, 1981.

Vodinelich, L., Sutherland, R., Schneider, C., Newman, R., and Greaves, M.
Receptor for transferrin may be a “target” structure for natural killer ceils.
Proc. Natl. Acad. Sci. USA, 80: 835-839, 1983.

CANCER RESEARCH VOL. 45 JUNE 1985
2799

220z Aen 81 uo 3sanb Aq ypd-€6.290057040/59.2212/€6.2/9/S¥/yPpd-01on1e/sa1180ue/610"s|euINOfI0E//:dRY WOl papeojumo]



GLYCOLIPID ANTIGEN AND TF RECEPTOR

S SRS
X ;;f!" A ,z“'

'n v& e -I

= )4~ " "
OjZW " _'--::j‘."

Fig. 1. Mlzmmwwwhmmmoiﬁommmmmmmbiotinylatedanﬁbogyzouc),avidh(d). unsubsﬁmtedbnomy!ated
antibody 2D4 and avidin (e), and biotinylated antibody 1B2 (/) for 48 h, 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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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 fiuorescent microscope (A, C, E, G) and under a phase-contrast microscope (8, D, F, H).
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