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Abstract—X-irradiated Moloney virus induced YAC lymphoma cells of strain A
origin induced only a weak rejection reaction and low antibody levels against living
YAC cells in syngeneic strain A mice, in spite of their high MCSA-antigenicity in
humoral antibody tests. Fuston with some established mouse fibroblast lines provided
somatic cell hybrids that could overcome this limitation: trradiated hybrid cells induced
an efficient rejection reaction against YAC in A mice. Other somatic cell hybrids and
allogenerc, Moloney virus induced mouse lymphomas were inefficient. Possible re-
lationships between the rejection and humoral antibody inducing abilities of the different

hybrid cells were considered.

INTRODUCTION.

InocuLaTION of the Moloney-virus (MLV)
induced YAC lymphoma of strain A origin
[1] induces both antibodies and rejection re-
sponse against the MLV induced surface anti-
gen (MCSA) in certain semisyngeneic F, hy-
brid mice (e.g., A x C57Bl, A x C57leaden, A
x CBA). It is poorly immunogenic in the
syngeneic strain, A and some other ¥; hybrids
(e.g., AxASW, AxACA) [1-3]. The spleen
cell population of certain unmanipulated F,
hybrids is cytotoxic to cultured YAC cells in
vitro [4], a phenomenon that is designated as
the “‘natural killer” (NK)-cell activity. Spleen
cells of other F; hybrids and of the syngeneic
A host have only weak or no activity in the
NK-test. NK-activity was found to be cor-
related with resistance against the inoculation
of small numbers (103-10*) of YAC cells [5].
Backcross tests indicated that both effects (cy-
totoxicity and resistance) were under genetic
control, with a relatively strong H-2 linked
resistance factor {6]. The induction of serum
antibody was also found to be under the
influence of a major dominant gene. This was
not identical with the gene(s) regulating NK
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cell activity, however, and was not linked to
H-2 [3].

We have proposed [7] that Ir or Ir-like
genes play an important role in the immunity
against tumor associated antigens. According
to this view, the strong immune surveillance
mechanisms that were demonstrated to ope-
rate against many of the virus induced tu-
mors, have evolved through the selection of
the natural host species for Ir gene mediated
rejection responses, directed against antigens
associated with potential neoplastic cells in-
duced by the virus. As a rule, the efficiency of
the resistance is proportional to the ubi-
quitousness of the virus. Polyoma in mice,
FeLlV in cats, H. saimiri in the squirrel mon-
key and EBV in man can be quoted as
examples [8].

In contrast, the evidence for immune sur-
veillance against chemically induced or spon-
taneous tumors is weak or non-existent [7, 9].
This may be attributed to the absence of
comparable host selection, rather than the
absence of tumor specific or tumor associated
membrane changes, potentially capable of
eliciting a rejection response on the approp-
riate genetic background.

If this view is correct, mobilization of re-
jection responses against tumor associated
membrane changes becomes a problem of
overcoming genetic unresponsiveness, rather
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than correcting the breakdown of an immune
response that may never have existed. The
problem is somewhat analogous to the over-
coming of genetic unresponsiveness in fun-
damental immunology, although with some
important differences. Immunologists usually
depart from a well defined immune response,
search for the rare unresponsive individual,
explore the genetics and the mechanism of
unresponsiveness, and seek to overcome it by
administering the unrecognized moiety after
chemical coupling to, or together with a well
recognized antigen (for reviews see [10, 117).
In the case of the spontaneous or chemically
induced tumor we are dealing with the mirror
image of this situation. The natural history of
most tumors reflects a multistep evolution,
designated by the generic name “tumor pro-
gression” [12]. The successive selection for
increasing independence from growth restrict-
ing mechanisms involves, in all probability,
selection for non-immunogenic and/or non-
rejectable tumor cells. As a consequence, we
may have to face a wide variety of neoplasm-
associated membrane changes that have been
preselected for non-recognition (or no rejec-
tion, in spite of recognition) in the given host,
and we shall have to deal with the problem of

inducing efficient responses in spite of this

situation.

Antigenic modification of the tumor cell is
one of the possible ways to overcome unre-
sponsiveness and induce rejection. Hapten
coupling is one possibility. In a previous study
[2] we have found that immunization with
TNP coupled YAC cells can induce at least
some humoral antibody response and the re-
jection of relatively small cell numbers in the
low-responsive strain A host. Another ap-
proach would be the “‘xenogenization” of the
established tumor, by superinfection with ano-
ther, highly antigenic virus, as performed in
other tumor systems [13-15].

A third possibility is to introduce the poorly
recognized tumor antigen into a somatic cell
hybrid by fusing the target tumor cell with a
highly antigenic (allogeneic or xenogeneic)
partner. Several authors have shown that both
virally and chemically induced, tumor as-
sociated antigens can be expressed on somatic
cell hybrids of this type [16-22]. Watkins and
Chen [23] concluded that hybrid cells are
more immunogenic than the parental tumor
cell whereas Satya Murthy et al. [24] found
no increase in immunogenicity. Both groups
used interspecies hybrids, but different tumor-
partner cell combinations.

The purpose of the present study was to

explore the feasibility of overcoming host un-
responsiveness in the genetically and antigeni-
cally well defined YAC-strain A system.
Compared to the previous studies this system
appeared to offer the following advantages:

(a) A relatively strong virus induced tumor
associated transplantation antigen (MCSA)
can be demonstrated on the target YAC cell;

{(b) Fy{ hybrid hosts of certain genotypes can
respond to this tumor, whereas the syngeneic
A strain and some other ¥, hybrids do not
respond well;—responsiveness can be thus di-
rectly related to host genetics; '

(c) Successful attempts to overcome the low
responsiveness of the syngeneic hosts may have
a direct bearing on the question how to
mobilize host responses against an existent,
but normally poorly recognized tumor as-
soclated antigen.

MATERIALS AND METHODS

Cell lines and mice

Table 1 summarizes the origin and charac-
teristics of the cells and hybrids used in the
present study. All hybrids were maintained as
monolayer cultures on RPMI 1640 medium,
with 109 fetal calf serum. The tumor lines
were maintained by serial intraperitoneal pass-
age of ascitic fluid in the syngeneic host. For
all in vive rejection tests and most of the
experiments concerned with antibody for-
mation after immunization, strain A/Sn mice
were used. In some antibody tests, (A
x Ch7leaden)F; hybrid mice were included
for comparison.

Experimental design

The mice were immunized with 6000 -rad
irradiated cells at biweekly intervals. Each
immunizing inoculation contained between 5
x 10° and 107 cells. The cells used for immu-
nization are listed in Table 1. Two weeks
after the fifth and last immunization all mice
were bled for anti-MCSA antibody titration.
One day later they received 400 -rad whole-
body X-irradiation and were immediately the-
reafter challenged with live YAC cells, given
subcutaneously. Whole body irradiation was
considered necessary like in previous studies
125], to distinguish between an established
immunity, resistent to 400 -rad and a non-
specific boostering of the primary immune
response (sensitive to 400 rad). Tumor growth
was followed by caliper measurements, twice
weekly.

In certain experiments, immunized mice
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were followed by regular weekly bleedings for
cytotoxic antibodies, in parallel] with tumor
size measurements.

Cytotoxicity tests

A complement mediated microcytotoxicity
assay was performed in the following way:

Thirty ring microplates (Moller and Coates,
Moss, Norway) were filled with 5.5 ml liquid
paraffin. Sera were diluted in 2-fold steps with
balanced salt solution (BSS) containing 19
gelatin. A droplet of 2 ul serum dilution was
placed on the glass bottom of the microplate
under paraffin oil with the aid of a Hamilton
syringe. A control anti-Moloney serum and a
normal control serum were always included in
each plate. The plates were then kept at
—20°G untl use. YAC ascites cells were
harvested 7-8 days after intraperitoneal in-
oculation of 10° -live YAC cells. The ascites
fluid was centrifuged and cells washed 3 times
with RPMI medium containing 109%; fetal
calf serum. For the cytotoxic test, plates were
thawed by 2-3 min incubation at 37°C and
10? YAC ascites cells in a total volume of 1 ul
were added to the serum droplet and in-
cubated for 20 min at 37°C. Thereafter 1 ul of
rabbit complement diluted 1:10 with RPMI
109 FCS was added and the plate was gently
shaken to allow complement to spread un-
iformly. After further incubation for 40 min at
37°C 0.5l trypan blue was added (0.025¢
trypan blue in 5ml 0.99, NaCl at pH 7
freshly prepared and kept at 37°C). Plates

were then read under the microscope and 100 -

cells counted. Background non-specific killing
of normal serum usually ranged between 2
and 109%,.

RESULTS

Groups of 3 strain A mice were immunized
with irradiated cells of the syngeneic Moloney
lymphoma YAC, or the allogeneic (CBA-
derived) Moloney lymphoma YBA, or si-
milarly irradiated somatic cell hybrids of the
types YACIR/A9 and YACIR/A9HT, respec-
tively. Two weeks after the last immunization,
all mice were irradiated with 400 rad and
challenged with 10%,10® and 10* viable YAC
cells, respectively, in parallel with untreated
controls, Both YACIR/A9 and YACIR/A9HT
induced protection whereas immunization
with YAC cells had only minimal effect and
YBA cells had no detectable effect.

From groups of 10 A mice immunized with
irradiated cells, equal amounts of sera were
pooled for each group and tested for cytoto-

xicity against YAC target cells. Neither YAC
nor YBA induced detectable antibodies (titer
< 2) whereas the somatic hybrids and the (A
x C57B1)F; lymphoma YA7C induced signi-
ficant antibody titers.

With some of the cells (A x C57leaden)F,
mice were also immunized. In this case, anti-
bodies appeared earlier and reached the high-
er titers than in A mice. Moreover, the
radiated YAC cells were also capable to in-
duce antibody formation in this F; hybrid.

The immunity against subcutaneously graf-
ted YAC cells varied according to the cell
used for immunization. Figure 1 summarizes
all experiments that were carried out with the
same design, in 2 or 3 parallel series for each
immunizing hybrid-target cell combination.
YAC had a slight immunizing effect only.
Immunization with YACIR/A9HT was most
efficient, detectable both by an increased in-
cidence of rejection with all three cell doses,
increased survival time of the tumor bearing
animals, and the highest antibody levels. The
latter was found both in the syngencic A mice
and in the (A x C57leaden)F; hybrid (com-
pare legend of Fig. 1).

Lower degrees of immunization were
achieved with the other somatic cell hybrids.
They appeared to be immunogenic, to some
extent at least, as reflected both by rejection
and by antibody titers, but appeared to be
intermediate between the low immunogenic
YAC and the relatively highly immunogenic
YACIR/A9HT.

In addition to the somatic hybrids, allo-
geneic Moloney virus lymphomas were also
tested (not shown on the curves).
Immunization with irradiated cells of the
Moloney virus induced YBB lymphoma of
CBA origin, YALB lymphoma of (A
x C57leaden)I'| origin or YA7C lymphoma of
(Ax C57BDF, origin had no discernible pro-
tective effect against 10%,- 10° -or 10* YAC
cells in strain A mice.

DISCUSSION.

Somatic cell hybrids, derived from the fu-
sion of YAC with an unrelated normal or
malignant mouse cell that introduced new,
genetically or wvirally determined antigens,
were immunogenic in strain A mice, as re-
flected both by the rejection and the cytoto-
xicity tests. In this strain, YAC cells are either
non-immunogenic or induce only very low
levels of antibodies and rejection responses.
All somatic cell hybrids were efficient, al-
though to a variable degree. YACIR/A9HT
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Fig. 1.

Frequency of survival and mean survival times of tumor bearing mice, after

immunization with heavily irradiated YAC cells or various somatic cell hybrids as indicated.
For each group the three columns show the results after the inoculation of 102, 10® and 10*
viable YAC cells to strain A mice that have been preimmunized with the cells indicated. All
hosts were irradiated with 400 rad prior to the viable inoculum. The figures in the middle,
under each immunizing cell designate the mean antibody titers in strain A mice, as measured by
cplotoxic tests. After immunization with the identical schedule, the mean antibody titers
induced in (A x C57leaden)F, mice were 32 for YAC, 64 for YACIR/A9 and 256 for the
YACIR/AQHT immunization group. The figures at the foot of the columns indicate the
number of mice used for each experiment.

was the most immunogenic hybrid, both by
humoral antibody formation and graft re-
sistance. The other somatic hybrids were in-
termediate. Allogeneic Moloney lymphomas
did not induce detectable rejection responses,
although they did induce variable antibody
levels.

The mechanism that determines the va-
riation in the ability of the different hybrids to
induce rejection reactions is unknown. Since
hybrids derived from basically similar partner
cell combinations (e.g., YAC/A9, as compared
to YACIR/A9 and YACIR/A9HT) showed
differences in this respect, it must be assumed
that their antigen expression or presentation
was different. Somatic cell hybrids were in-
deed found to vary in their antigen expression
[18, 26, 27]. Further studies will be performed
to establish whether the relevant parameter
can be pinpointed as one of the serologically
detectable (e.g. MCSA) antigens or other
phenotypic or karyotypic properties.

Recent studies have shown that the YAC
lymphoma is uniquely susceptible to the na-
tural killer (NK) cell that can mediate re-
sistance against ‘“‘small” inocula in non-
preimmunized mice of certain genetic con-
stitutions [4-6, 7]. In contrast, YAC cells
show little or no susceptibility to semi-
svngeneic (A x C57B1)F; T-cells in MLV or
MSV immunized syngeneic mice, although
these T-cells were highly cytotoxic for the
Rauscher-virus induced lymphoma line (RBL)
[28]. This suggests a difference in the suscepti-
bility of different cell lines induced by the
same or antigenically closely related viruses to
different immune effectors. The ability of
YACIR/A9HT and other somatic hybrids to
induce an efficient anti-YAC rejection in syn-
geneic A mice deserves further study with
regard to the effector mechanisms involved.

Viewed in a more general context, antigenic
modification of tumor cells by somatic cell
hybridization appears to be one of the poten-
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tially rewarding pathways that can render a
relatively non-immunogenic tumor highly im-
munogenic. The existence of “universal fuser”
-cells, e.g., cell lines unable to grow on HAT
but sensitive to ouabain [29] makes this ap-
proach eminently practical, since a single ccll

line that carries the appropriate markers can
be readily fused with any murine or human
tumor cell. The selection of universal fusers
that are outstanding in rejection-induced ex-
periments of the type described in this paper
appears as an importent task for the future.
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