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ABSTRACT

Soluble membrane fractions derived from polyoma tumor cells trigger
lymphocytes, derived from polyoma-immunized animals, but not from
nonimmunized controls, to release the lymphokine, macrophage migra
tion-inhibitory factor. The reaction can be blocked by sera from polyoma-
bearing animals. Absorption of these sera with polyoma cells, but not
with nonpolyoma cell lines, abrogates this activity. These findings suggest
that there is a polyoma virus-induced membrane component that can
induce polyoma-specific macrophage migration inhibition.

Barr virus-seropositive individuals (mostly those with Burkitt's

lymphoma or nasopharyngeal cancer) (4). We now wished to
explore the possibility of the MMI to detect antibodies directed
against membrane components of polyoma virus-induced tumor
cells.

We found that it was possible to achieve specific MMI against
polyoma membrane antigens and furthermore that this reaction
could be blocked with antisera from polyoma-bearing mice.

INTRODUCTION

Polyoma virus, a potentially oncogenic virus, fails to induce
tumors in its natural host, the mouse, under normal conditions.
In immunocompetent animals both the failure of the virus to
induce tumors and the rejection of inocula of polyoma tumor
cells are due to T-cell-dependent mechanisms (1). The antigenic
target recognized by the immune system is defined functionally
in vivo as the TSTA.5 Its structure has not yet been determined

and neither has its relationship to the virus genome or the
products of the transforming early region, the three T-antigens,
been analyzed. It has not been assayed for in vitro, and thus far
no antibodies definitely directed against TSTA have been de
tected.

In the absence of any serological method to detect TSTA we
have previously explored the MMI test in the polyoma system.
The inhibition of macrophage migration is due to the release
of the lymphokine macrophage migration inhibition factor by
specifically sensitized T-cells. MMI is considered as an in vitro
assay for specific T-cell reactivity (2).

We have previously found that macrophages from polyoma
virus-immunized mice but not from control animals showed
significant MMI when exposed to whole cell extracts from
polyoma virus-infected or -transformed cells. Extracts of non
polyoma origin had no such effect. Thus, the MMI assay can
be used to indicate the presence of cell-mediated immune re
sponse against polyoma-specific antigen(s) (3).

Since it is likely that an antigen that serves as a rejection
target is expressed on the cell surface we wished to study
purified cell membranes, in order to examine whether or not
the polyoma-specific activity would be retained. If so, the MMI
assay could perhaps be an in vitro assay for TSTA. Within the
Epstein-Barr virus system, it was found that the Epstein-Barr
virus-associated membrane antigen-induced leukocyte migra
tion inhibition reaction could be blocked by sera from Epstein-
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MATERIALS AND METHODS

Cells. SECA is a polyoma virus-induced hair follicle tumor of ACA
mouse origin (4). SEBA, an undifferentiated sarcoma, and SEBB, a
fibrosarcoma, are polyoma virus-induced tumors of CBA mouse origin
(5). YAC is a Moloney virus-induced lymphoma of A/Sn mouse origin
(6). SEBB/YACUT is a somatic hybrid between SEBB and an in vitro
derivative YACUT of YAC. TIKAUT is a spontaneous lymphoma of
AKR origin (7).

Cell Extracts. Cells were washed with serum-free medium and soni
cated under microscopic control. The resulting suspension was centri-
fuged at 100,000 x g for 30 min at 4Â°C.The protein concentration of

the cell-free supernatants was determined according to the method of
Bradford (8) and stored at -20"C until use.

Solubilized Crude Cell Membranes. Membranes were prepared by
suspending washed SECA or SEBB/YACUT ascites cells in 20 mM
Tris-HCl (pH 7.4) (3 ml of buffer for each 1 ml of packed cells) and
disrupting them in a Dounce homogenizer. After centrifugation at 3000
rpm at 4Â°Cfor 10 min, the supernatant was separated, the sediment

was resuspended in one-half the original buffer volume, and the entire
operation was repeated. The two supernatants were pooled and then
ultracentrifuged again. The supernatant obtained was collected and
designated as Fraction 1. The pellet from this ultracentrifugation (as
sumed to contain cell membranes) was extracted with 3 volumes of
0.1% Nonidet P-40 in 20 mM Tris-HCl (pH 7.4) by mixing for 30 min
in an ice bath and then ultracentrifuged to remove soluble material.
The supernatant obtained was collected and designated as Fraction 2.
The pelleted residue was finally extracted with 3 ml of 1% Nonidet P-
40 in 20 mM Tris-HCl (pH 7.4) by mixing for 30 min on an ice bath.
After ultracentrifugation the supernatant was collected and designated
as Fraction 3.

Protein concentrations were determined according to the method of
Bradford (8) and the solution was stored at -70Â°C before use. All
ultracentrifugations were carried out at 4Â°Cfor 1 h, using an SW50.1

rotor of a Spinco model 65B ultracentrifuge at 40,000 rpm (100,000 x
*).

Sera. Control sera were derived from pooled groups of ACA mice or
Fischer rats. Polyoma virus-immune serum was derived from two
separate groups of polyoma virus-immunized mice, treated according
to a scheme described below, and bled during the 6th week. Serum
from tumor-bearing animals were derived from two groups of ACA
mice inoculated independently with the SECA tumor, and where the
tumor was allowed to grow slowly for approximately 3-5 weeks, achiev
ing a mean tumor diameter of approximately 10-15 mm.

Monoclonal antibodies of rat origin against polyoma T-antigens were
received from Professor Beverly Griffin. C4 is directed against all three
T-antigens, MT7 and MT16 against middle T, and LT1 against large
T (8).

Serum Absorption. Fresh cells (0.1 ml) were added to 0.1 ml of serum
diluted 1/S and the mixture was rotated for 2 h at room temperature.
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The scrum was separated by centrifugation, and the absorption proce
dure was repeated once.

Immunization of Mice. Mice were immunized weekly for S weeks
with 6 HAU of wild-type polyoma virus, Pasadena large plaque virus
(10,11), as described previously (5). PEC from control and immunized
mice were induced during the 6th week by injecting 1.5 ml of a 2.4%
thioglycolate solution i.p. 3 days prior to collection.

MMI Tests and MMI-blocking Tests. The direct agarose micro-
droplet assay was performed as described before (7). PEC (2 x 10')

mixed with 135 n\ of nutrient agarose medium containing an equal
volume of 0.4% agarose (Litex) and 2 x RPMI 1640 supplemented
with agarose suspension were placed into migration chambers (Sterilin,
Teddington, Middlesex, England). After the droplets solidified the
chambers were filled with horse serum-supplemented F-13 medium
with or without cell extract and incubated at 37Â°Cin a humidified ('().-

atmosphere for 18-24 h. For blocking tests appropriately diluted sera
in F-13 medium were simultaneously added to the cultures. The migra
tion areas were then projected by a photographic magnifying machine.
The diameters were measured and migration areas were computed. The
variation in triplicate cultures was less than 10%. Results were ex
pressed as MI. The MI was calculated using the formula

MI
Mean area of triplicates with cell extract

Mean area of triplicates without cell extract

In this study a MI Â£0.80 was considered as a significant MMI response.
Blocking was calculated according to the formula

Blocking =
Ml. -
MI, - MIÂ¡

where Ml, is the mean MI for macrophages from immunized mice
when a certain extract is added, Ml, is the corresponding MI for
macrophages from control mice and Ml, when macrophages from
immunized mice is incubated together with cell extract and serum.

Decrease of blocking â€¢MI. - Ml.
MI, - MIÂ¡

where MI, and
absorption.

RESULTS

MI| is defined as above and MI, is as MI, after
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Fig. 1. Comparison of MMI of different SEBB/YACUT membrane fractions
and cell extracts of a polyoma genome-carrying cell line (SEBB) and a polyoma-
negative line TIKAUT. Macrophages from polyoma virus-immunized (â€¢)and
nonimmunized (O) mice.
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Fig. 2. Comparison of MMI of different SEBB/YACUT membrane fractions
and total cell extract. Cell extract was applied at a protein concentration of 25
Mg/ml and membrane fractions at 12.S Mg/ml. Points, means of migration inhi
bition of 4 tests; bars, SE. Symbols as in Fig. 1.

MMI Activity of Polyoma Tumor Cell Fractions. Three frac
tions, corresponding to Fraction 1 (crude cytosol with some of
the cell nucleus), Fraction 2 (crude solubilized membrane ex
tracts including some cell cytosol), and Fraction 3 (crude solu
bilized cell membranes) (4), from the polyoma-positive hybrid
SEBB/YACUT were tested for their polyoma-specifk MMI.
Titration experiments using protein concentrations of 6-50 Â¿ug/
ml for each type of extract are illustrated in Fig. 1 and show
that all three fractions induce MMI when PEC from polyoma
virus-immunized animals were used, but not PEC from control
animals. The same was true for the positive polyoma tumor
control cell SEBB, while the polyoma-negative TIKAUT did
not induce MMI with PEC from either immunized or control
animals. Pooling of 4 experiments indicated that Fraction 3
gives a slightly more pronounced MMI than the other two
fractions at a protein concentration of 12.5 fig/ml, while the
crude cell extract of SEBB/YACUT gave a corresponding MMI
at a protein concentration of 25 Mg/ml as shown in Fig. 2.
Fractions from an additional polyoma SECA showed a similar
MMI pattern (data not shown).

Blocking of the MMI Reaction with Sera from Polyoma-
bearing Mice. Sera from a group of polyoma-bearing animals
at a serum dilution of 1/400 block the MMI ability of all three
fractions, but not or only slightly that of the whole cell extract
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Fig. 3. Blocking of MMI induced by SEBB/YACUT cell extract and mem
brane fractions by addition of sera from tumor-bearing mice (x), virus-immunized
mice (A), and control mice (O) at a dilution of 1/400. Protein concentrations of
25 Mg/ml for the cell extract and 12.5 Mg/ml for the membrane fractions were
used. Points, means of 4 tests; bars, SE.
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studies of antibody-binding conventional techniques (1). Mem
brane association of the relevant antigen was supported by
absorption experiments where polyoma virus-induced, but not
nonpolyoma tumors could remove the blocking activity, since
viable suspensions of ascites tumor cells were used for the
absorption experiments.

The fact that PT-serum fails to block the whole cell extract
from inducing MMI could probably be explained by the pres
ence of additional MMI-inducing moieties within this fraction,
i.e., presence of both membrane and nuclear antigens. Thus
serum from tumor-bearing animals would perhaps preferen
tially react with membrane components inducing MMI block
ing, while the remaining nuclear component in the whole cell
extract could still induce MMI. Although one could argue that
the reasons for the discrepancy between blocking of membrane
fractions and whole cell fractions are merely quantitative it is
not likely since we use quantities of both preparations which
give a similar MMI response prior to blocking experiments.

The lack of any detectable blocking of the membrane due to
MMI with monoclonal antibodies is also in line with the
distinctness of a membrane antigen, unrelated to the T-antigens,
since the T-antigens are not known to be expressed on the
outside of the cell membrane (12). However, minor amounts of
T-antigens, not detectable by conventional methods, could still
be expressed on the membrane. In this case the monoclonals
may not be directed against a relevant T-antigen epitope, re
sponsible for the MMI induction.

Thus the MMI test has enabled us to detect a membrane-
associated polyoma virus-induced antigen which can be blocked
by serum from polyoma-bearing animals. This antigen is not
necessarily a T-antigen but can still be a TSTA candidate.

ACKNOWLEDGMENTS

We would like to thank Professor Beverly Griffin for monoclonal
antibodies and Professor Dov Szuilitzeanu for stimulating advice.

REFERENCES

1. Allison, A. C. Immune responses to polyoma virus induced tumors. In: G.
Klein (ed.). Viral Oncology, pp. 481-487. New York: Raven Press, 1980.

2. Rodin. R. Â£.,Bendtzen, K., and Greineder, D. Mediators of immunity:
lymphokines and monokines. Adv. Immunol., 29: 55 136. 1980.

3. Szigeti, R., Dalianis, T., Klein, G., Ito, Y., and Magnusson, G. Detection of
polyoma-virus-induced tumor antigen(s) by macrophage migration inhibition.
Int. J. Cancer, 30:69-74, 1982.

4. Szigeti, R., Sulitzeanu, D., Henle, G., Henle, W., and Klein, G. Detection of
an Epstein-Barr virus-associated membrane antigen in Epstein-Barr virus-
transformed nonproducer cells by leukocyte migration inhibition and block
ing antibody. Proc. Nati. Acad. Sci. USA, 81:4178-4182,1984.

5. Dalianis, T., Magnusson, G., Ito, Y., and Klein, G. Immunization against
the polveuna- indiimi tumor-specific transplantation antigen (TSTA) by early
region mutants of the virus. J. Virol., 43: 772-777,1982.

6. Klein, I-'., and Klein, G. Antigenic properties of lymphomas induced by the

Moloney agent. J. Nati. Cancer Inst., 32: 547-568,1964.
7. Spira, J., Wiener, F., Babonitis, M.. Miller, J., and Klein, G. The role of

chromosome 15 in murine leukemogenesis. I. Contrasting behavior of the
tumor vs. normal parent-derived chromosomes No. 15 in somatic hybrids of
varying tumorigenicity. Int. J. Cancer, 28: 785-798, 1981.

8. Bradford, M. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye-binding. Anal.
Biochem., 72: 248-254, 1976.

9. Dilworth, S. M. Protein kinase activities associated with distinct antigenic
forms of polyoma virus middle T antigens. EMBO J., 1:1319-1328, 1982.

10. Fried, M., Griffin, B. E., Lund, E., and Robberson, D. L. A study of wild
type mutant and defective DNAs. J. Virol., 43: 772-777, 1982.

11. Griffin, B. E., Fried, M., and Cowie, A. Polyoma DNA: a physical map.
Proc. Nati. Acad. Sci. USA, 71: 2077-2081, 1974.

12. Schaffhausen, B., Dorai, H., Arakere, G., and Benjamin, T. Studies on
polyoma virus middle T antigenâ€”relationship to cell membranes and appar
ent lack of ATP-binding activity. Mol. Cell. Biol., 2:1187-1198, 1982.

5048

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2424524/cr0460105045.pdf by guest on 19 M

ay 2023


