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The immunological responses of inbred mice to structural components of one
class of endogenous virus were investigated by means of radioimmunoassays
utilizing highly purified viral proteins. Naturally occurring antiviral antibodies
were demonstrated only in those strains possessing information for induction of
a mouse cell-tropic endogenous virus. Moreover, these antibodies invariably
appeared subsequent to the detection of spontaneous replication of this virus in
the same animal. The immune responses elicited were much stronger against
endogenous viral gp7O than p30, consistent with previous findings oftolerance in
the mouse to the major structural antigen of its endogenous virus. However, the
demonstration of an immune response to p30 under conditions of both natural
and experimental immunization establishes that tolerance to this viral antigen
can be overcome.

Information coding for type C RNA viruses
exists within the DNA of mouse cells (1, 15). In
some inbred mouse strains, endogenous vi-
ruses, infectious for mouse cells, are sponta-
neously activated and replicate in the animal.
In such situations, there is an associated inci-
dence of lymphoreticular neoplasia that is cor-
related with the age of onset and level of the
endogenous virus expression (16, 21). These
findings have led to questions as to whether the
host immune system, either naturally or fol-
lowing experimental manipulation, might be
involved in the control or prevention of tumors
associated with these endogenous viruses.
Early studies, indicating the expression of

structural antigens of endogenous viruses in
embryonic mouse tissues, suggested the possi-
bility that the mouse might be tolerant to its
endogenous viruses or at least to some viral
components (8, 9). More recently, the detection
of immune complexes containing type C viral
antigens in kidneys of the AKR strain (19), and
of antibodies that precipitate intact mouse type
C viruses (11, 18) in sera of several strains of
mice, has suggested that the mouse possesses
the ability to immunologically recognize cer-
tain viral antigens. Serological reactivity
against the virus has primarily been measured
by neutralization (9), or immunoprecipitation
of radioactively labeled virus (11, 18). The de-
velopment of radioimmunological techniques
for purified type C viral structural polypeptides
has made it possible to more precisely quanti-

tate immunological reactivity against specific
viral components. In the present report, the
immune responses of different mouse strains to
the major structural polypeptide, p30, and the
envelope glycoprotein, gp7O, ofa representative
mouse cell-tropic endogenous virus have been
investigated both under natural conditions and
after immunization.

MATERIALS AND METHODS
Mice. Inbred BALB/c Cr mice were obtained from

the production colonies at Microbiological Associ-
ates, Walkersville, Md. Inbred C57BL/6, C57BL/10,
DBA, and NIH Swiss mice were obtained from the
National Institutes of Health, Bethesda, Md.

Cells. Cells were grown in Dulbecco modified Ea-
gle medium supplemented with 10% calfserum (Col-
orado Serum Co., Denver, Colo.) in petri dishes (100
by 20 mm) (Falcon Plastics, Los Angeles, Calif.). A
wild mouse embryo line, SC-1, which is highly sen-
sitive to replication of both N- and B-tropic viruses
(6), was provided by J. Hartley, National Institute
of Allergy and Infectious Diseases.

Viruses. The Rauscher strain ofmurine leukemia
virus (R-MuLV) and a woolly monkey type C virus
were obtained as a twice-banded, 1,000-fold concen-
trates of tissue culture fluids from the Frederick
Cancer Research Center, Frederick, Md. Sucrose gra-
dient-purified AKR-murine leukemia virus (AKR-
MuLV) and the Rickard strain of feline leukemia
virus (FeLV) were obtained from Electro-Nucleon-
ics, Inc., Bethesda, Md. Prototype class I and class II
endogenous type C viruses of BALB/c mouse cells,
including the N-tropic virus, BALB:virus-1 (23), the
xenotropic virus, BALB:virus-2 (2) and a prototype
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class III xenotropic virus of the NIH Swiss strain
(24) have been described. Avian myeloblastosis vi-
rus (AMV), obtained as a 1,000-fold concentrate
from serum, was provided by J. Beard, Life Sci-
ences, Fla.

Inactivated virus preparations used as immuno-
gens. Virus inactivation was performed as previ-
ously described (12). All immunizations described
in this study were given subcutaneously in a three-
injection schedule on days 0, 14, and 28, in doses of
200, 100, and 100 ug of viral proteins, respectively.
The relative amounts of p30 and gp70 antigens as
compared with total viral protein in each virus
preparation were similar (R. L. Peters, R. M. Dona-
hoe, B. Sass, M. Kende, and G. J. Kelloff, J. Natl.
Cancer Inst., in press). Primary immunizations
included emulsification of the antigen 1:1 with
Freund complete adjuvant. In the second and third
injections, the viral immunogen was diluted 1:1 with
phosphate-buffered saline, pH 7.0. The humoral re-
sponses of immunized mice were evaluated by radio-
immunological analysis of sera obtained 14 to 21
days after the third immunizing injection.

Assay for type C virus release by spleen cells.
Spleen cell suspensions were prepared by mincing
spleens and drawing cells sequentially through 18-,
21-, and 26-gauge hypodermic needles (Becton,
Dickinson and Co., Rutherford, N.J.). A total of 5 x
107 nucleated spleen cells were co-cultivated with 105
SC-1 fibroblasts, pretreated for 18 h with 2 ug of
polybrene per ml (22). After 3 weeks of incubation at
37°C, culture fluids were concentrated 100-fold by
centrifugation and assayed for RNA-dependent
DNA polymerases activity. Reaction mixtures con-
taining 0.05 M Tris-hydrochloride, pH 7.8, 0.06 M
potassium chloride, 0.002 M dithiothreitol, 0.2 mM
manganese acetate, 0.02 absorbance units at 260 nm
of poly(rA) oligo(dT,2-18), 2 x 10-5 M [3H]TTP (5,000
cpm/pmol), and 0.5% Triton X-100, in a volume of
0.05 ml, were incubated at 37°C for 60 min. DNA
synthesis was measured as previously described
(22).

Antisera. Antisera from goats immunized with
detergent-disrupted viruses, as well as anti-goat im-
munoglobulin G and anti-mouse immunoglobulin G
prepared in swine, were generously provided by R.
Wilsnack through the Office of Resources and Logis-
tics, National Cancer Institute.

Analysis of mouse sera for antibodies to type C
viral polypeptides. The isolation of the major struc-
tural polypeptides (p30) of R-MuLV, AKR-MuLV,
FeLV, AMV, and the woolly monkey virus, as well
as the 70,000-molecular weight glycoproteins (gp70)
ofR-MuLV and AKR-MuLV, have been described in
detail (7, 24, 26). Similar methods were used for the
isolation and characterization of FeLV gp70. Viral
polypeptides were radioactively labeled with 125I
(Amersham-Searle, Arlington Heights, Ill.) at spe-
cific activities of 5 to 20 uCi/Ag by the chloramine T
method of Greenwood et al. (5). Mouse serum and
125I-labeled antigen were incubated for 3 h at 37°C
and a further 18 h at 4°C in 0.2-ml reaction mixtures
containing 0.01 M Tris-hydrochloride, pH 7.8, 0.001
M EDTA, 0.4% Triton X-100, 1% bovine serum albu-
min, 0.1% normal goat serum, and 0.01 M NaCl

(p3O) or 0.2 M NaCl (gp7O). After addition of 0.05 ml
of undiluted pig anti-mouse immunoglobulin G to
each tube to precipitate antigen-antibody com-
plexes, reaction mixtures were incubated 3 h at 4°C
and centrifuged at 2,500 rpm for 15 min. Superna-
tants were aspirated, and the radioactivity in the
precipitate was measured in a Searle 1285 gamma
counter.

Radioimmunoassay for type C viral polypep-
tides. Competition radioimmunoassay for p30 and
gp7O structural polypeptides of prototype endoge-
nous type C viruses ofmouse cells were performed as
described previously (7, 24). Viral protein concen-
trations were determined by the method of Lowry et
al. (17).

RESULTS
Development of natural precipitating anti-

bodies to endogenous type C viral gp7O and
p30 in BALB/c mice. BALB/c mouse cells con-
tain information of at least three distinguisha-
ble endogenous viruses. The first is an inducible
virus (class I), which is perferentially infectious
for NIH Swiss mouse cells (1, 23). The second
(class II) virus is xenotropic in host range and is
also inducible both spontaneously and by chem-
icals (2; S. A. Aaronson and J. R. Stephenson,
Biochim. Biophys. Acta Rev. Cancer, in press).
Antigens of a third (class III) virus are ex-
pressed at high levels in the absence of virus
release (26). Although infectious virus of this
class has not been isolated from BALB/c mice, a
xenotropic virus that contains antigens immu-
nologically indistinguishable from those ex-
pressed by virus-negative BALB/c cells has
been isolated from certain other mouse strains.
Viruses obtained from a large number of other
inbred strains have been shown to fit within
this classification system (25).

In the present studies, attempts were made
to detect naturally occurring antibodies di-
rected against these endogenous viruses using
'25I-labeled gp7O or p30 of the class I virus as
probes. These antigens are known to cross-react
with the analogous proteins ofeach of the other
endogenous virus classes (7, 25). As shown in
Table 1, precipitating activity against class I
viral gp7O was first demonstrated in sera of
BALB/c animals at 6 months of age. By 15 to 22
months, sera from all BALB/c mice tested ex-
hibited higher levels of reactivity with antibody
titers ranging from 1:80 to 1:500. In contrast,
none of the same sera demonstrated detectable
reactivity (<1:10) against class I viral p30. The
specificity of the reactivity against mouse en-
dogenous viral gp7O was further indicated by
the absence of detectable precipitating activity
against '251-labeled FeLV gp7O or p30 (Table 1).
The kinetics of the appearance of anti-gp7O

reactivity in BALB/c mice were compared with
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TABLE 1. Development of natural precipitating
antibody to type C viral p30 and gp70 in BALBIc

mice

Antisera titers for binding
25I-labeled antigens ofa:

Age Serum
(mo) no. AKR-MuLV FeLV

p30 gp7O p30 gp7O

1 2312 <10 <10 <10 <10
2313 <10 <10 <10 <10
2314 <10 <10 <10 <10
2315 <10 <10 <10 <10
2316 <10 <10 <10 <10

6 2317 <10 20 <10 <10
2318 <10 <10 <10 <10
2319 <10 <10 <10 <10
2320 <10 <10 <10 <10
2321 <10 40 <10 <10

9 2322 <10 <10 <10 <10
2323 <10 <10 <10 <10
2324 <10 20 <10 <10
2325 <10 20 <10 <10
2326 <10 20 <10 <10

15 2327 <10 160 <10 <10
2328 <10 320 <10 <10
2329 <10 160 <10 <10
2330 <10 80 <10 <10
2331 <10 80 <10 <10

22 2332 <10 80 <10 <10
2333 <10 320 <10 <10
2334 <10 500 <10 <10
2335 <10 320 <10 <10
2336 <10 160 <10 <10

a Sera were assayed at serial twofold dilutions for
ability to bind 10,000 cpm of 125I-labeled viral anti-
gen. Results are expressed as the reciprocal of the
highest dilution at which 10% (1,000 cpm over a
background of 50 cpm) of the appropriate 1251I-labeled
antigen was precipitated and represent mean values
from three separate determinations.

the time course of spontaneous type C virus
expression by spleen cells of the same mice.
Spleen cells from individual animals at differ-
ent ages were co-cultivated with an equal num-
ber of SC-1 cells, a continuous mouse embryo
line highly permissive for growth of ecotropic
mouse type C viruses (6). The level of virion-
associated reverse transcriptase activity in tis-
sue culture fluids was assayed at 3 weeks as
described in Materials and Methods. The
amount of enzyme activity was shown in recon-
struction experiments to be proportional to the
virus input. Figure 1 illustrates that release of
detectable levels of virus by spleen cells pre-
ceded the development of measurable antibody
to viral gp7O.

Naturally occurring immune responses
against endogenous viral gp7O and p30 in ad-
ditional mouse strains. The levels of naturally
occurring anti-p30 and anti-gp7O were next
compared in 15-month-old mice of several other
strains. These included three strains which,
like BALB/c, have previously been shown to
contain information for class I virus as well as
xenotropic (class II and III) viruses (25). In
addition, the NIH Swiss strain, only known to
contain information for class III xenotropic vi-
rus (25), was tested. At the time ofserum collec-
tion, the level of class I virus in spleen cells of
the same animals was also measured. As shown
in Table 2, the serum titers against viral gp7O
and p30 in C57BL/10 and DBA mice closely
resembled those observed with BALB/c mice of
the same age. Although reactivity against class
I viral gp7O ranged from 1:20 to 1:320, there was
no detectable anti-p30 reactivity in the same
sera.
C57BL/6 mice generally exhibited much

higher levels of natural antibody capable of
precipitating viral gp7O, with titers as high as
1:1,600. In addition, C57BL/6 mice demon-
strated lower but readily detectable anti-p30
activity. In the one C57BL/6 animal that did
not show serological reactivity against either
viral polypeptide, attempts to detect virus in
cultured spleen cells were unsuccessful (Table
2). It should be noted that despite much higher
levels of precipitating antibody to viral gp7O in

E

cr
ui

o

ui

en

sn
i
>

z
--

r-

co

I0

AGE OF MICE (MONTHS)

FIG. 1. Comparison of the kinetics of appearance
of antibody to AKR-MuLV gp7O in sera of BALBIc
mice and the release of infectious type C virus by
spleen cells of the same mice. Data were determined
as described in Materials and Methods and are ex-
pressed as mean values from five individual mice per
point.
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TABLE 2. Analysis of sera of different mouse strains for natural antibody to type C viral p30 and gp7O
Antisera titers for binding '251-labeled antigens ofa: Infectious virus asso-

ciated with spleen
AKR-MuLV FeLV cells': expressed asStrain Serum no. virion-associated po-

p30 gp7O p30 gp7O lymerase activity(pmol/ml)
C57BL/10 2103 <10 160 <10 <10 320

2104 <10 80 <10 <10 80
2105 <10 40 <10 <10 120
2106 <10 320 <10 <10 40
2107 <10 80 <10 <10 310

DBA 2180 <10 80 <10 <10 210
2109 <10 40 <10 <10 190
2110 <10 20 <10 <10 450
2111 <10 160 <10 <10 340
2112 <10 160 <10 <10 80

C57BL/6 2113 20 800 <10 <10 250
2114 40 1000 <10 <10 40
2115 <10 <10 <10 <10 <0.2
2116 80 1200 <10 <10 350
2117 40 1600 <10 <10 80

NIH Swiss 2118 <10 <10 <10 <10 <0.2
2119 <10 <10 <10 <10 <0.2
2110 <10 <10 <10 <10 <0.2
2111 <10 <10 <10 <10 <0.2
2112 <10 <10 <10 <10 <0.2

Antibody titers, expressed as the reciprocal of the serum dilution required to bind 10% of the '25I-labeled
antigen, were determined as described in the footnote to Table 1.

b A total of 5 x 107 nucleated spleen cells were co-cultivated with the SC-1 assay cell line for 5 weeks,
culture fluids were changed, and 24 h later, assayed for poly(rA)-oligo(dT)-directed poly(dT) synthesis.
Results are expressed as picomoles of [3H]TMP incorporated per milliliter and represent the mean values of
two separate determinations.

sera of C57BL/6 mice than in the other strains,
the amounts of infectious virus associated with
spleen cells were similar. As further indicated
in Table 2, sera from mice of the NIH Swiss
strain failed to demonstrate antibody capable of
precipitating either p30 or gp7O. Moreover, at-
tempts to isolate this virus from NIH Swiss
spleen cells by co-cultivation with the SC-1
line, as in previous studies (22), were unsuc-
cessful. These findings suggested that the natu-
ral immune response to type C viral p30 or gp7O
in strains other than NIH Swiss was directed
against class I virus.

Virus specificity of anti-gp70 reactivity in
sera of normal BALB/c mice. The gp70's of
three prototype endogenous mouse type C vi-
ruses can be differentiated in competition im-
munoassays using antisera prepared against
each virus to precipitate the homologous viral
'251-labeled gp7O (7). In such assays, only the
gp7O of virus of the same class is able to fully
compete in the homologous gp7O immunoassay
(7). In an attempt to identify the virus to which
the natural anti-gp7O reactivity of BALB/c sera

was directed, a competition immunoassay was
developed utilizing sera of 15-month-old BALB/
c mice to precipitate class I viral gp7O. The
relative abilities of three prototype endogenous
viruses to compete in this assay were com-
pared. Viruses were first standardized on the
basis of their reactivities in an immunoassay
for the group-specific antigenic determinants of
mouse type C virus gp7O (data not shown).
As shown in Fig. 2, class I virus competed 95

to 100% in this assay, whereas class II and III
viruses were able to compete no more than 50%
of the '251-labeled gp7O, even at 10-fold higher
concentrations. These findings indicate that
sera of BALB/c mice recognize antigenic deter-
minants specific to class I endogenous virus and
argue that the natural immune response de-
tectable as precipitating antibody to viral gp7O
is directed against spontaneously activated
class I endogenous virus.
Comparison of immune responses elicited

in BALB/c mice after active immunization
with type C virus isolates of different species.
The above results indicated that natural im-
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FIG. 2. Comparison of immunological reactivities
ofprototype endogenous mouse type C viruses in com-
petition immunoassay in which pooled sera from
nonimmunized 15-month-old BALBIc mice were

used to precipitate '251-labeled AKR-MuLVgp7O. Vi-
ruses were disrupted by incubation at 37°C for 30
min in 1% Triton X-100, and viral antigens were
assayed at serial twofold dilutions for their ability to
compete with '251-labeled AKR-MuLV gp7O for bind-
ing limiting antibody. Competing viruses included
the following: class I (BALB:virus-1) (0); class II

(0); and class III (NIH Swiss virus) (A).

mune sera, obtained from mice of several
strains, invariably precipitated viral gp7O at
higher titer than p30. In contrast, antisera pre-
pared by direct immunization of heterologous
hosts with type C viruses have generally been
found to possess higher titers against p30 (un-
published observations). The relatively poor
immunological reactivity of mice against
mouse type C viral p30 could reflect relative
tolerance to this viral polypeptide (9) or, alter-
natively, the inadequate exposure of this anti-
gen under conditions of natural immunization.
To examine these possibilities, a comparison
was made ofthe response of3-month-old BALB/
c mice to immunization with Formalin-inacti-
vated and disrupted AKR-MuLV, a prototype
class I virus, or type C viruses increasingly
unrelated to AKR-MuLV, including R-MuLV,
the woolly monkey virus, and AMV.
As shown in Table 3, the immune response to

AK.R-MuLV p30 was the weakest observed,

J. VIROL.

with precipitating antibody titers only as high
as 1:80. The strength of the immune response of
BALB/c mice against viral p30 appeared to in-
crease as the relatedness of the virus to the
endogenous mouse type C virus diminished.
For example, R-MuLV, a laboratory strain of
mouse type C virus, whose p30 shares group-
specific antigenic determinants with those of
AKR-MuLV (24), elicited precipitating anti-
body to its p30 at titers of 1:320 and 1:640 in two
different animals. There was relatively weak
cross-reactivity against AKR-MuLV p30 (titer
1:80). The precipitating antibody titers against
the homologous p30, after immunization with
the woolly monkey virus or AMV, were 1:1,100
and 1:1,900, and 1:2,100 and 1:2,500, respec-
tively. The specificity of each response was indi-
cated by the lack of detectable cross-reactivity
with p30's of the other viruses. These findings
demonstrate that the BALB/c mouse can im-
munologically recognize the major structural
polypeptide, p30, of one of its endogenous vi-
ruses, but indicate that the immunological re-
sponse to this polypeptide is much weaker than
that elicited by analogous polypeptides of type
C viruses of other species.
Comparison of the immunological re-

sponses to p30 and gp7O after immunization of
individual BALB/c and C57BL/6 mice with
inactivated AKR- and R-MuLV. The responses
of 3-month-old BALB/c and C57BL/6 mice to
immuniation with Formalin-inactivated, dis-
rupted AKR-MuLV or R-MuLV were investi-
gated to further compare the immunity elicited
by disrupted viruses with that acquired natu-
rally in older animals of each strain. As shown
in Table 4, BALB/c mice exposed to disrupted
AKR-MuLV demonstrated low but significant
titers (1:10 to 1:40) of precipitating antibody
against AKR- and R-MuLV p30's. The same
sera demonstrated higher titers, ranging from
1:40 to 1:320, against the two mouse type C viral
gp7O's. Immunization with R-MuLV led to
much higher levels of precipitating antibodies
directed against both R-MuLV p30 and gp7O. In
fact, there was as much cross-reacting precipi-
tating antibody against AKR-MuLV polypep-
tides after immunization with R-MuLV as was
elicited by immunization with AKR-MuLV.
With R-MuLV, the immune response to gp7O
was much stronger than against p30.
The responses of individual C57BL/6 mice to

immunization with either AKR- or R-MuLV
(Table 5) were generally five- to eightfold
greater against both p30 and gp7O than ob-
served with BALB/c mice. As was found with
the BALB/c strain, the relative response to
gp70 was much better than against p30. These
results are consistent with the patterns of natu-
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TABLE 3. Analysis of the ability ofBALBIc mice to immunologically respond to type C viral p30 antigens

Antiserum titer for binding p30 antigen ofa:
Sera tested Serum no.

AKR-MuLV R-MuLV Woolly monkey virus AMV

Immunized with
AKR-MuLVb 1010 80 20 <10 <10

1011 40 40 <10 <10

R-MuLV 1012 80 320 <10 <10
1013 80 640 <10 <10

Woolly monkey virus 1014 <10 <10 1,600 <10
1015 <10 <10 1,900 <10

AMV 1016 <10 <10 <10 2,500
1017 <10 <10 <10 2,100

Nonimmunized controls 1018 <10 <10 <10 <10
1019 <10 <10 <10 <10

a Antisera titers, expressed as the reciprocal of the serum dilution required to bind 10% of the '25I-labeled
antigen, were determined as described in Table 1.

b Formalin-inactivated, Tween-ether-disrupted virus was prepared as previously described (R. L. Peters,
R. M. Donahoe, B. Sass, M. Kende, and G. J. Kelloff, J. Natl. Cancer Inst., in press). Subcutaneous
immunizations were given in a three-injection schedule to 3-month-old mice on days 0, 14, and 28 in doses of
200, 100, and 100 ,Lg of viral protein, respectively. All primary immunizations involved emulsification of the
viral immunogen with Freund complete adjuvant. The viral immunogen was diluted 1:1 in saline for the
second and third injections. The humoral responses of the immunized mice were evaluated by radioimmu-
noassays of sera obtained 14 to 21 days following the final immunization.

TABLE 4. Analysis of sera of immunized BALBIc
mice forprecipitation ofAKR- andR-MuLVp3O and

gp7O

Antiserum titer for
bindinga:

Mice Serum
no. AKR-MuLV R-MuLV

p30 gp7O p30 gp7O
Immunized withb
AKR-MuLV 2389 10 80 20 80

2390 20 160 20 40
2391 10 160 40 320
2392 20 40 10 80
2393 40 80 10 160
2394 40 160 20 80

R-MuLV 2404 20 40 40 320
2405 20 160 160 640
2407 40 80 80 4,000
2408 40 80 160 8,000
2409 20 40 10 1,280
2411 10 320 80 640

Nonimmunized 2379 <10 <10 <10 <10
2381 <10 <10 <10 <10
2382 <10 <10 <10 <10

a Antisera titers, expressed as the reciprocal of the se-
rum dilution required to bind 10% of the 125I-labeled anti-
gen, were determined as described in Table 1,

b Immunogen preparation and immunization was as de-
scribed in Table 3.

ral immunity to p30 and gp70 observed with
C57BL/6 and BALB/c mice (Tables 1 and 2) and
argue against the possibility that the much

higher levels of anti-gp7O reactivity under con-
ditions ofnatural immunization reflect a lack of
exposure to p30.
Expression of p30 and gp7O in BALB/c

mouse cells during embryogenesis. The above-
described preferential immunological response
to gp7O as compared with p30 suggested that
mice possess a greater degree of immunological
tolerance to endogenous viral p30 than gp7O.
One possible reason for this might be a much
higher level of expression of p30 relative to gp7O
during embryogenesis. To test this possibility,
cell extracts of embryos at different ages, as
well as extracts of spleen, liver, and thymus of
3-month-old mice, were analyzed for p30 and
gp7O expression by competition immunoassay.
The results, summarized in Table 6, indicate
that, whereas the levels ofp30 and gp7O expres-
sion were about twofold higher in embryo than
in adult tissues, the relative levels of the two
polypeptides were similar. Confirming previous
reports (7), the type-specific antigenic determi-
nants of gp7O's partially purified from both em-
bryonic and adult BALB/c tissues were indis-
tinguishable from those of class III endogenous
virus (data not shown).

DISCUSSION
Evidence that mice and chickens are immu-

nologically tolerant to the major internal struc-
tural components of their endogenous type C
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TABLE 5: Analysis of sera of immunized C57BL16
mice forprecipitation ofAKR- andR-MuLVp3O and

gp7O

Antiserum titer for bindinga:

Mice Serum no. AKR-MuLV R-MuLV

p30 gp7O p30 gp7O
Immunized with"
AKR-MuLV 2809 20 160 40 640

2810 40 320 80 640
2811 40 640 80 160
2812 80 320 40 320
2813 20 80 40 320
2814 40 640 80 640

R-MuLV 2803 40 320 80 8,000
2804 80 640 160 16,000
2805 80 80 80 4,000
2806 160 1,280 320 32,000
2807 40 640 80 8,000
2808 80 1,280 160 2,500

Nonimmunized 2790 <10 <10 <10 <10
2791 <10 <10 <10 <10
2792 <10 <10 <10 <10

a Antisera titers, expressed as the reciprocal of the se-
rum dilution required to bind 10% of the 115I-labeled anti-
gen, were determined as described in Table 1.
bImmunogen preparation and immunization was as de-

scribed in Table 3.

TABLE 6. Expression of type C RNA viral p30 and
gp7O in BALBIc mouse tissues during

embryogenesisa

Viral polypeptide concn
Tissue extracts of: (ng/mg cell protein)

p30 gp7O

Mouse embryos
14 day 60 40
16 day 40 30
19 day 50 30

Adult tissues
Spleen 20 15
Liver 15 10
Thymus 20 20

aTissue extracts, prepared as previously de-
scribed (7, 25) were tested in group-specific immu-
noassays for MuLV p30 and gp7O utilizing antise-
rum to AKR-MuLV to precipitate 1251-labeled R-
MuLV viral p30 and gp7O, respectively. Results are
expressed as nanograms of viral antigen per milli-
gram of total cell protein and represent mean values
of three separate determinations. Protein concen-
trations were determined by the method of Lowry et
al. (17).

viruses (9) derives, first, from information that
viral antigens are expressed during embryogen-
esis (4, 8). In addition, early studies indicated
that immunization with the homologous virus
elicited neutralizing antibodies against the en-
velope antigen of the virus in the absence of

any detectable immune response to the internal
structural components (9, 13). In contrast, im-
munization with a heterologous type C virus
resulted in high-titered antibody to the major
internal antigen of that virus (9). Thus, it was
reasoned that the natural host was specifically
tolerant to the major internal component of its
endogenous virus, presumably due to exposure
to it during embryonic development (8, 9).
More recent evidence has indicated that mice

can naturally mount an immune response to
certain endogenous viral antigens. Oldstone et
al. (19) showed that antibodies to viral antigens
were present in kidneys of AKR mice in the
form of antigen-antibody complexes. Subse-
quently, by measuring immunoprecipitation of
radioactively-labeled intact MuLV, antibodies
to three major structural polypeptides, possess-
ing molecular weights of 68,000, 43,000, and
17,000, respectively, were detected in sera of
mice of many inbred strains (11). In addition,
Ihle et al. (10) have recently reported antibody
to 125I-labeled AKR-MuLV gp7O in several in-
bred strains of mice. Mouse sera also contain
a high-titered neutralizing activity directed
against xenotropic endogenous viruses (1), al-
though there is evidence indicating that this
reactivity may not be a known immunoglobulin
(14). In general, there has been little, if any,
evidence to indicate that natural immunity to
endogenous viruses is directed against the
major viral structural component, p30.

Investigation of immunity to endogenous vi-
ruses in the mouse system has taken on in-
creasing complexity with the demonstration
that several partially related endogenous vi-
ruses exist within mouse cells (25). Moreover,
each different structural component of these
viruses possesses a range of antigenic determi-
nants that varies in the degree of cross-reactiv-
ity with the analogous antigens of other endog-
enous viruses (7). For example, p30 is a very
broadly reactive antigen, whereas gp7O con-
tains highly type-specific antigenic determi-
nants (7, 28). These findings are of importance
in interpreting the present studies as well as
results of previous investigations.
The appearance of precipitating antibodies to

purified viral structural antigens in the strains
examined here correlated with the presence in
vivo of infectious virus of one endogenous virus
class. In a strain, NIH Swiss, that lacks infor-
mation for induction of class I virus (23, 25),
there was no evidence of antibody to either p30
or gp7O. In contrast, individual mice of BALB/c
and C57BL/6 strains, which are known to con-
tain this virus (25), demonstrated immune re-
sponses to viral antigens only after the appear-
ance of detectable class I endogenous virus in
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their spleens. Competition immunoassays
made it possible to show that BALB/c sera con-
tained antibodies cross-reactive specifically
with antigenic determinants of class I viral
gp70. These findings all imply that the natu-
rally occurring precipitating antibody to gp7O
was directed against endogenous virus of this
class.

In confirmation of previous reports (9, 13),
active immunization of mice with heterologous
type C viruses led to much stronger immune
responses against the respective major struc-
tural antigens of these viruses than was ob-
served against mouse viral p30 in response to
immunization with a prototype mouse endoge-
nous virus. Moreover, whenever an immune
response to mouse endogenous virus was elic-
ited, the level of immunity was invariably much
stronger against gp7O than against p30. These
findings are consistent with the concept that
the mouse is relatively tolerant to its endoge-
nous viral p30. The present findings that anti-
body to endogenous viral p30 could be elicited
not only experimentally but even under condi-
tions of natural exposure establish that toler-
ance to the major structural antigen of the en-
dogenous virus can be overcome.
The explanation for the much stronger im-

mune response to endogenous viral gp7O than
p30 in animals whose embryonic tissues were
shown to express gp7O at levels comparable to
those of p30 may not be readily apparent. It
should be noted in this regard that the gp7O
expressed by such tissues, as shown here and in
previous studies (7), was primarily that of a
class III rather than a class I endogenous virus.
Thus, the host may be able to recognize, as
foreign, antigenic determinants specific to class
I viral gp7O, which are not normally expressed
during embryogenesis. A more direct examina-
tion of this question will require quantitative
comparisons of the levels of immunity that can
be elicited directly in response to the gp7O's of
each endogenous virus class.
The present studies indicate that R-MuLV, a

type C virus that has diverged antigenically
from known endogenous mouse viruses (7, 24),
was able to elicit as strong an immune response
against class I viral antigens as did class I
endogenous virus itself. The use of partially
related viruses as immunogens may thus pro-
vide an alternative approach in efforts aimed at
breaking tolerance to those viral antigens to
which the host is not naturally responsive.
Whether such experimental manipulation can
reduce the incidence of natural tumors in
inbred mouse strains remains to be deter-
mined, as does the role of natural immunity to
endogenous viral antigens in disease.
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