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ABSTRACT

The requirement for intact carbohydrates of glycoproteins at the cell surface
was investigated after treatment of lymphoma cells with compounds which interfere
at different steps in N-linked glycosylation: swainsonine and 1-deoxynojirimycin
act at different levels during the processing, so that complex oligosaccharides can-
not be formed; 2-deoxyglucose, B-hydroxynorvaline, and tunicamycin completely
prevent the formation of N-linked (high-mannose as well as complex) oligosac-
charides. The role of sialic acid was investigated by treating the cells with
neuraminidase. These treatments resulted in altered patterns of surface-labelled
glycoproteins after SDS—polyacrylamide gel electrophoresis. Blood-borne arrest of
lymphoma cells in the spleen was sensitive to neuraminidase and to treatments
interfering with the processing of complex N-linked oligosaccharides. It is suggested
that carbohydrates are signals for cellular interactions involved in the recirculation
and homing behaviour of lymphoid cells and probably interact with endogenous
lectins at their site of homing.

INTRODUCTION

Cell-surface proteins play critical roles in cellular functions!-2. Although all
cell-surface proteins seem to be glycosylated, the biological functions of their
oligosaccharide moieties have not been elucidated. Since a particular glycoprotein
may be glycosylated differently at various stages of differentiation, with a tendency
towards increased complexity of the carbohydrate with increasing cellular differen-
tiation, it was suggested? that different carbohydrate chains have different specific

:Presented at the XIIth International Carbohydrate Symposium, Utrecht, The Netherlands, 1-7 July.
1984.
*Membrane Carbohydrates of Lymphoid Celis, Part 1.
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Fig. 1. Examples of high-mannose and complex asparagine-linked (N-linked) oligosaccharides found
on membrane and secretory glycoproteins, and the sites of action of the various compounds used mn this
study. Replacement of threonine (Thr) in the polypeptide chain by B-hydroxynorvaline {HNV) prevents
glycosylation of the asparagine (Asn) residue®. 2-Deoxyglucose!” (DOG) and tunicamycin® (TM)
prevent the transfer of lipid-linked oligosacchande to asparagine, deoxynojirimycin!” (dNM) prevents
the action of glucosidase on high-mannose, glucose-containing precursors, swainsonme!? (SW) 15 an
inhibitor of mannosidase II which removes Man residues. and neuraminidase (Nase) hydrolyses the
terminal sialic acid (NANA) residues.

functions. However, the idea that changes in carbohydrate structure are accom-
panied by changes in function is so far supported by experimental evidence only for
lymphocyte homing. For instance, there is a correlation between the presence of
sialic acid on cell surfaces and the ability to home into lymphoid tissues*. Carbo-
hydrates have also been implicated in the interactions of tumour and normal cells
(invasion, metastasis)’~*.

In an attempt to further correlate differentiation-related changes in carbo-
hydrate structure with cell function, we have checked the effects of compounds
which interfere with different steps in the synthesis of N-linked carbohydrates of
cell-surface glycoproteins (see Fig. 1). Inhibitors of processing strongly interfered
with the arrest of lymphoma cells injected intravenously.

EXPERIMENTAL

Adult mice from the inbred strains C57BL/cnb and BALB/c were obtained
from the breeding center of SCK/CEN.

The following cell lines were used: BL/VL,;, BL/RL12-NP (thymic lym-
phomas from C57BL/Ka mice), and BALB/nu, (a T-cell lymphoma induced in a
BALB/c nu/nu mouse). They were cultivated as described? 19,
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Neuraminidase (Nase) was obtained from Behringwerke, lentil lectin-
Sepharose and concanavalin A-Sepharose were from Pharmacia, and formalin-
fixed Staphylococcus aureus, strain Cowan I was from BRL (Bethesda, MD); rabbit
antilymphoma P1798 serum!! was a gift from D. Hoessli (University of Geneva).

Swainsonine!>~1¢ (SW) was a gift from P. Dorling (School of Veterinary
Studies, Murdoch, W. Australia) and 1-deoxynojirimycin’>~!7 (dNM) was a gift
from E. Truscheit and D. D. Schmidt (Bayer, Wuppertal, F.R.G.). Tunicamy-
cin!3.15.16.18-20 (TM), B-hydroxynorvaline? (HNV), and 2-deoxy-D-arabino-hexose
(2-deoxyglucose!®, DOG) were commercial products, SW and dNM were added to
the cultures 48 h prior to harvest and all other drugs 24 h prior to harvest.

For neuraminidase treatment, 25 X 106 cells were resuspended in Hanks
medium (3 mL), neuraminidase (0.05 U) from Vibrio cholerae was added, and the
cells were kept for 45 min at 37°. Enzymic treatment was terminated by the addition
of complete, cold culture medium followed by extensive washings.

Blood-borne arrest of lymphoma cells. — Cells were labelled by incubation
for 30 min at 37° with 100 wCi 5'Cr (as Na,>*CrO,) per 3 x 107 cells in phosphate-
buffered saline (PBS, 3 mL). The various drug treatments did not interfere with the
uptake of chromate, nor with spontaneous release. Cells were injected i.v. into 3
or 4 syngeneic recipient mice (6 x 10 cells, i.e., usually 50,000-150,000 c.p.m. per
mouse). Radioactivity in the following organs was determined after 24 h: liver,
spleen, kidney, lungs, thymus, and lymph nodes (axillary, inguinal, peri-aortic).
The results are expressed as the percent of injected c.p.m. retained by an organ.
The total recovered radioactivity was also calculated?!,

Cell-surface glycoproteins. — Lactoperoxidase-catalysed surface iodination,
lysis with 1% Nonidet P40 (NP40) in PBS, immunoprecipitation or separation on
lectin—Sepharose, SDS-polyacrylamide gel electrophoresis (SDS-PAGE), and
autoradiography were done as described!! 22,

RESULTS

Biochemical controls. — The migration of surface proteins in SDS-PAGE
was modified after treatment with various inhibitors of N-linked glycosylation or
processing (Fig. 2). In most instances, the treatment resulted in an increased
apparent mobility of the different labelled species, various drugs yielding different
patterns. Treatment with inhibitors of glycosylation, however, did not prevent
lectin binding, indicating that the surface molecules were still glycosylated.

Blood-borne arrest. — Following the intravenous injection of labelled lym-
phoma cells, radioactivity was recovered after 24 h mainly from the liver and the
spleen (Table I). Despite some fluctuation from one experiment to another, the
fraction of radioactivity recovered from the different experimental groups was con-
stant within a given experiment. Arrest in the spleen was reduced in a significant
manner after treatment with dNM or SW, but there was no increased trapping in
the liver. However, HNV and TM had no clear effect. Treatment of the cells with
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Fig. 2. Effect of inhibitors of glycosylation on membrane proteins. Autoradiograph of cell-surface
1odinated peptides of BL/RL12 NP cells cultivated in the presence of SW (S. 0 2 pg/mL), dNM (N,
10mM), SW + dNM (SN) or TM (T, 50 ug/mL) or in regular medium (—). Concanavalin A-Sepharose
(Con A). lentil lecin~Sepharose (LcL), or antiserum against lymphoma P 1798 followed by
Staphylococcr Cowan I (ALS) were used for selection. The eluates were analysed on 8% acrylamide gels
in the presence of 2-mercaptoethanol The position of molecular weight markers 1s mdicated on the
right. On the left, surface antigens are 1dentified as in ref 22, The antilymphoma serum poorly precipi-

tates env-related peptides Also, lectins and antilymphoma serum recognise different molecules between
100 and 170 kD

Nase immediately before i1.v. injection reduced arrest in the spleen. The effects of
SW and Nase were additive, since radioactivity in the spleen was lower after com-
bined treatment than after single treatments. Also, the effect of dNM was amplified
by SW. Preliminary data with other inhibitors (given for 24 h) showed that mm
2-deoxy-2-fluoro-p-glucose or 0.3mMm 2-deoxy-2-fluoro-D-mannose had no effect.
In contrast, 1.5uM monensin very strongly decreased arrest in the spleen, whereas
60nM marcellomycin increased arrest.

DISCUSSION

In this study, the hypothesis that N-linked carbohydrates of surface glyco-
proteins play a role in membrane-mediated functions, with special concern for
tumour cell localisation, was tested. Surface proteins were modified by culturing
cells in the presence of inhibitors of glycosylation. Alternatively, surface protemns
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were enzymically modified just before use. The effectiveness of the various proce-
dures was determined by biochemical analysis and their functional consequences
were assessed by measuring blood-borne arrest of lymphoma cells after i.v. in-
jection.

The mode of action of the various compounds used in this study has been
described (see Fig. 1). Surface proteins from lymphoma cells were clearly modified
by the various treatments but no gross abnormalities in the patterns could be de-
tected. Rather, there was a generalised increase in migration, which was different
for each drug. Binding to lentil lectin and to concanavalin A indicated that the
molecules were still, at least partially, glycosylated. This finding is not surprising
after treatment with SW or dNM, which results in the synthesis of hybrid or high-
mannose sugars that bind concanavalin A even better than complex N-linked
carbohydrates!?2324. After treatment with TM or with HNV, which prevent lipid-
mediated N-linked glycosylation, binding could be explained by the slow turn-over
of some glycoproteins. Alternatively, at the concentrations used, the drugs may
have prevented N-linked glycosylation at certain sites only. An answer to this ques-
tion will be provided by the structural analysis of the carbohydrates from control
and treated cells, which is in progress. The pattern obtained with dNM plus SW
was different from that obtained with either drug given alone, in accord with the
data of Peyrieras et al.'®.

In several systems, cell-cell or cell-substrate interactions are prevented by
the presence of simple sugars or glycolipids®1325-27_ thus suggesting the existence
of endogenous lectins. To our knowledge, however, there has been no thorough
investigation of the constraints imposed on carbohydrate structure for proper
homing. Such a study was initiated by first following the effects of various treat-
ments on the blood-borne arrest properties of several lymphoma lines.

Nase, SW, and dNM clearly reduced arrest in the spleen. Nase and SW had
additive effects, as did ANM and SW. Each of these treatments results in the forma-
tion of abnormal N-linked carbohydrates. In contrast, TM and HNV completely
prevent the occurrence of N-linked glycosylation and their lack of effect on blood-
borne arrest suggests that the routing and/or arrest of injected cells is more
adversely affected by the presence of abnormal carbohydrates (generated by SW
and/or dNM) than by the absence of at least some N-linked carbohydrates (after
treatment with TM or HNV). More precise biochemical data on the effect of these
compounds are required. It is clear, however, from the SDS-PAGE (Fig. 2) and
from other biological tests?®-? that the treatments have biochemical and biological
effects. Our data suggest that cell-surface carbohydrates play a role in the homing
of lymphoma cells. Several groups have suggested that one or several glycoproteins
at the lymphocyte surface are involved in the homing process but they have not
attributed special functions to the sugar moieties of these proteins™-3t,

Clearly, inhibitors of glycosylation with very low toxicity (SW, dNM) are
most useful for studying the molecular basis of cellular interactions such as homing.
Bar-Shavit et al.'* have recently reported impaired binding to bone after treatment
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of macrophages with SW or TM. In their system, however, neuraminidase had no
inhibitory effect.

Thus, inhibitors of glycosylation are useful tools for defining structures that
are required for membrane-mediated functions. Our data add new evidence
supporting the idea that complex sugars are important for blood-borne arrest of
tumour cells, in agreement with recent reports®3. Inhibitors of glycosylation have
potential applications in the management of cancer. They may alter the metastatic
potential of (residual) tumour cells, without reducing immune response against the
tumour!-32.33
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