


Lymphoma Cell Immunogenicity

of virus in the lymphoma cells probably is essential to
production of the virus-modified antigen.

One interpretation of our results would be that during the
completion of virus synthesis at the membrane, tumor cell
antigens are modified or are combined with virus protein.
There is published evidence to be considered in relation to
this hypothesis. In cells infected with influenza virus Hol
land and Kiehn (14) have found by biochemical analysis
proteins identical with those of the virion not only in the
plasma membrane but also intimately associated with
nuclear, mitochondrial, and microsomal membranes (endo-
plasmic reticulum). These and other investigators (19) have
established also that in purified complete virus particles less
than 5% of the proteins are identifiable chemically as host
cell proteins. This is not inconsistent with our finding that
free virus particles concentrated from the tissue culture
supernatant are inferior to other cell fractions in producing
immunity, but it does not explain the greater immunogenic-
ity of the membrane fractions.

In addition to the extensive biochemical data on viral
envelope proteins coded by viral RNA there is some
immunological evidence for cell-related antigenic specificity
in purified virions. Data supporting this are to be found in
several papers. Antisera to uninfected host cells agglutinate
herpesvirus (29), lyse infectious bronchitis virus (2), and give
reactions by immunodiffusion with disrupted leukemia virus
(22). Vesicular stomatitis virus has recently been reported to
have an effect on H-2 antigens of the plasma membrane
(13), and it was suggested that some of these host cell
membrane antigens might be included in the virion.

By labeling with 14Cand 3H before and after infection it
has been demonstrated that the major viral proteins are
synthesized de novo under the influence of viral nucleic acid.
The glycolipid portion, however, is derived from the host
cell (15, 17, 19, 27). When the same virus is grown in 2
different species of cells there are differences in the glyco
lipid composition of the viral envelope. There is some
evidence that these glycolipids, although somewhat rear
ranged on the virus protein, may still carry antigenic
specificity of the host. It is conceivable that a "hybrid"

antigen formed in this way by the growth of a virus in tumor
cells might be recognized as foreign and produce an immune
response even in animals syngeneic with the tumor. Other
methods of making hybrid antigens from haptene and
carrier protein have, of course, long been known.

Although the method of fractionation is quite efficient in
producing membranes mixed with relatively small amounts
of other cell components, contamination of other fractions
with membranes or membrane fragments cannot be ruled
out except in the case of the 20,000 x g supernatant
(cytoplasmic fraction). As will be seen in Table 2 the nuclear
fraction was not as immunogenic as the membranes, but
membrane ghosts and intact cells may be found in the
nuclear fraction by microscopic examination. The presence
of antigen in the small particle fraction might be due to
fragmentation of some plasma membranes during homoge-
nization. Cell-associated viral hemagglutinin is present both
in this fraction and the membrane fraction, but the relative
amounts have not yet been determined accurately. In cells
infected with NDV-IS1 most of the cell-associated complete

virus is removed by antibody (10) and therefore probably is
in or on the plasma membrane. In addition to virus the
small particle fraction would be expected to contain mito
chondria and ribosomal components associated with inter
nal structures of the cell. Free microsomes would not be
sedimented at 20,000 x g.

The C3H/HeJ strain of mice, which differs from the
C3H/BÃ•in minor transplantation antigens, gave essentially
the same results in immunization experiments except that a
larger challenge dose was rejected. Control C3H/HeJ mice
receiving uninfected cell extracts were not immunized
despite the presence of foreign H antigens in the C3H/BÃ•
lymphoma. In addition to being allogeneic the C3H/HeJ
strain possibly has a genetically determined immune re
sponse superior to that of the C3H/BÃ•mice.

Possibly, the transplant resistance to the ascites lym
phoma is due at least in part to nonspecific activation of
cell-associated immunity as with BCG. Under our experi
mental conditions results with BCG were not as encourag
ing as those reported by others (18, 23), indicating that this
kind of immunity may be of minor importance in our
tumor-host system. Experiments are in progress to deter
mine whether the virus-tumor antigens are tumor specific by
testing immunized C3H/BÃ•mice for increased resistance to
another ascites tumor of nonleukemic origin and by prepar
ing virus-derived antigens from such tumors. In preliminary
studies (unpublished), C3H/BÃ• mice immunized with ex
tracts of virus-infected lymphoma showed no greater resist
ance than did untreated controls against challenge with 500
to 5000 Krebs 2 ascites cells. With this isologous tumor the
50% lethal dose was about 500 cells. Also immunization
with virus-infected Krebs 2 cells failed to immunize C3H/BÃ•
mice against a challenge dose of 50 ascites lymphoma cells.

While our studies were in progress several papers de
scribed related work on immunization against tumor trans
plants. In the most recent study Beverly et al. (3) used
S-37 ascites tumor infected with NDV in BALB/cand CBA
mice. Their results differ from ours (7) in that virus-treated
intact cells would produce immunity and relatively high
titers of antitumor antibodies were found. Using the
sediment from frozen and thawed extracts, instead of the
supernatant or the membrane fraction as we did, Beverly et
al. found relatively little immunogenicity as compared with
X-ray treated cells.

Probably the 1st example of tumor immunization in
syngeneic mice with cells treated with nononcogenic virus
was presented by Boone et al. (4, 5). SV40 sarcoma induced
in BALB/c mice was treated with tumor-adapted, oncolytic
influenza virus and cell-free homogenates were prepared.
Immunized mice became resistant to much larger challenge
doses than was the case with our ascites lymphoma.
Homogenates of uninfected cells failed to immunize but
partial immunity was obtained with formalin-killed cells.
Unlike NDV the neurotropic WS strain of influenza killed
some of the mice during immunization. Friend leukemia
virus has also been used to treat spontaneous or chemically
induced rat tumors (16) for immunization. Tumors from
virus-infected cells sometimes grew and then regressed.
Tennant et al. (25) used isologous tissue cultures infected
with a leukemia virus of the Friend-Moloney-Rauscher type
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to immunize C57Br mice which were then challenged with
IO3 Friend-Moloney-Rauscher leukemic cells from that
strain of mice. The resulting immune response was probably
directed against leukemia virus budding through the cell
membrane as with the rejection of NDV-infected ascites
lymphoma cells (7) where mice were immunized and
challenged with virus-infected cells. In this kind of system
the existence of tumor-specific transplantation immunity is
difficult to demonstrate. Tennant and Kingsley (26) found
that freezing and thawing or homogenization of the tissue
cultures infected with leukemia virus reduced their immuno-
genicity. Best results of immunization were obtained with
cells lightly irradiated with 6uCo. Such cells have good dye
exclusion but do not multiply. In view of these observations
and those of Beverly et al. (3), it would be of interest to
compare the immunogenicity of NDV-infected tumor cells
with that of irradiated cells, especially in a syngeneic system
such as ours.
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