ies of the red blood cell membrane
(5), rat phrenic nerve (l5), and the
behaviors of simple antibiotic iono-
phores, such as valinomycin (6, 14)
and gramicidin (/6). Measurement of
the appropriate membrane properties
should enable this interpretation of the
critical volume hypothesis to be ex-
amined in more detail.

KEITH W. MILLER
Harvard Medical School,
Departments of Pharmacology and
Anesthesia, Massachusetts General
Hospital, Boston 02114
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Antibody to Leukemia Virus: Widespread Occurrence

in Inbred Mice

Abstract. Mice from a wide variety of inbred strains produce immunoglobulin
G antibody against murine leukemia virus. This is contrary to the common view
that the mouse is immunologically tolerant to its endogenous leukemia virus.

Until relatively recently it has been
a widely held opinion that the mouse is
immunologically tolerant to its endog-
enous leukemia virus (MuLV) (1).
The first demonstration of autogenous
immunity to MuLV was in NZB mice,
where it was thought that the immune
response to virus-associated antigens was
actually a manifestation of the NZB
autoimmune syndrome (2). New evi-
dence (3, 4) now indicates, however,
that autogenous immunity to MuLV
exists also in certain other mouse strains
(such as AKR and RF), and that im-
mune responsiveness to MuLV-asso-
ciated antigens might be more prev-

alent than was originally considered.

We report here studies that sub-
stantiate the view that the mouse is
immunologically competent in respect
to MuLV. With a sensitive radio-
immune precipitation (RIP) assay we
have found immunoglobulin (IgG) anti-
body to MuLV in mice of virtually all
inbred mouse strains. These findings
indicate that immune responsiveness of
the mouse to MuLV might be the rule,
rather than the exception.

The RIP assay used for the detection
of mouse antibody against MuLV was
modeled after the technique of Ihle
et al. (4). In brief, MuLV from the
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Fig. 1. Radioimmune precipitation (RIP) assay with serum from mice of various in-
bred strains. Each panel represents the results of mice from a single inbred strain
(indicated in the upper left corner of the panel). Each line within a panel represents
the titration curve of serum from a single mouse. The age of the mouse (in months)
is indicated by the number located immediately next to the titration curve. Prozones
of precipitation (for example, as uniformly observed in NZB mice) were considered
the result of generally elevated IgG levels in certain individual mice; in support of
this hypothesis was the observation that dilution of the antigobulin (goat antiserum
to mouse 7§ gamma globulins) produced analogous prozone effects with all mouse

serums.
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Fig. 2. Identification of immunoglobulins
in normal mouse serum to MuLV. Each
panel represents RIP assays with serum
from a single mouse (strain indicated in
the upper left corner of the panel). Each
line within the panel represents a titration
curve of serum with a different antiglobu-
lin. Antibodies to mouse immunoglobulins
were examined by immunoelectrophoresis

and immunodiffusion to assure mono-
specificity; ( ) 18Gy; (---) IgGa:
(- ) IgA;and (- - - +) IgM.

continuously producing AKR cell line
130 (provided by M. G. Hanna, Oak
Ridge National Laboratory) was labeled
with 8H in vitro by the addition of
[*H]}uridine (20 pc/ml) and 3H-labeled
mixed amino acids (10 pc/ml) to the
tissue culture medium. Virus was har-
vested 12 and 24 hours after labeling
and purified by sucrose density-gradient
centrifugation. The virus band (in su-
crose) was then divided into small
samples and stored frozen at —70°C.
The specific activity of virus in these
studies was 2.2 X 107 disintegrations
per minute (dpm) per milligram of
viral protein. In the RIP test, 50 ul
(6000 dpm; 0.37 ug) of virus prepara-
tion was initially incubated with 200
ul of diluted mouse serum for 1 hour
at 37°C. Mouse immunoglobins were
then precipitated by the addition of 200
ul of undiluted goat antibody to mouse
78 gamma globulins (Hyland Labora-
tories) for 1 hour at 37°C, and then
for 2 hours at 4°C. Precipitates were
collected by centrifugation at 1000g
for 10 minutes; residual radioactivity
was measured in 300 ul of supernatant
(5).

The results of RIP assays from the
serums of normal mice are presented
in Fig. 1. Each line represents a titra-
tion curve of a serum sample from a
single mouse. It is apparent that anti-
body to MuLV was detected in mice
of almost all strains examined. Mice
of some strains (I, SJL/J, NZB, and
NZW) produced high titers of antibody
(precipitating 90 to 94 percent of the
total radioactivity), while mice of other
strains showed either intermediate titers
(DBA/2, C3H/An, HSFS, 129, GR,
and AKR) or relatively low titers (C58,
C57L/J, and PL/J) of antibody to
virus. Antibody titers were related to
(but not dependent on) the age of the
mouse. In general, older mice showed
higher titers of antibody; however,
there were many exceptions. In some
cases antibody was found in mice
younger than 4 weeks of age. This was
considered the result of residual ma-

870

NZB

90

70+

50

30

101

90 N

% Virus precipitated
I

\ \
70% \ \
50
30

101

1 . 1 1 1 1 1
20 40 80 160 20 40 80 160

Dilution of mouse serum

ternal antibody that was still present
in the serums of these mice.

The finding of antibodies against
MuLV in mice of different genetic
backgrounds suggested that the viral
antigens in question were group spe-
cific. This possibility was further con-
sidered since it was likely that the 3H-
labeled MuLV used in our RIP tests
was actually a mixture of several anti-
genically distinct leukemia viruses (6).

The specificity of the precipitin re-
actions observed in the RIP assay
were confirmed by examination of the
antigen and antibody reagents. (i)
The viral nature of the antigen
was confirmed by polyacrylamide gel
electrophoresis of 1*C-labeled antigen
(1%C-labeled mixed amino acids) iso-
lated from the AKR line 130 by density
gradient centrifugation in a manner
similar to that described above; more
than 90 percent of radioactivity in the
antigen migrated with proteins charac-
teristic of MuLV. (ii) The precipita-
tion of virus by mouse serum was not
inhibited by prior absorption of the
mouse serum with fetal calf serum, an
indication that the mouse antibody de-
tected in the RIP assay was not anti-
body to heterophile bovine antigen or
a natural antibody with fetal specificity.
(iii) In immunoelectrophoresis against
whole mouse serum the antiglobulin
(goat antiserum to mouse 7S gamma
globulins) precipitated only 75 gamma
globulins.

The nature of the immunoglobulins
in mouse serum to MuLV was exam-
ined further by the use of monospecific
antibodies to mouse immunoglobulins
(antiglobulin). Goat antiserums against
mouse IgG,, IgG,, IgM, and IgA were
purchased from Meloy Laboratories; a
monospecific reagent against the Fc
portion of mouse IgG; was provided
by U. Hammerling (Sloan-Kettering
Institute). All serums were first ex-
amined by immunoelectrophoresis to
confirm their expected range of spec-
ificities. When these serums were used
as antiglobulins in the RIP assay,
it was found that mouse antibodies to
MuLV were distributed among all four
classes of immunoglobulins (Fig. 2).
In most cases, however, the highest
titer antibodies were of the IgG; and
IgG, classes.

In summary, we have found that
mice of almost all inbred strains natu-
rally produce antibodies against MuLV.
These antibodies are predominantly of
the IgG class and indicate at least a
secondary immune response to MuLV.
Since infectious virus can be isolated
from mice of certain strains where
there also exists circulating antibody
(such as AKR), it is probable that
MuLV is carried in these mice as in-
fectious virus-antibody complexes, anal-
ogous to that observed in chronic
lymphochorionic meningitis disease (7).
A further question raised by our find-
ings is whether the immunization ob-
served was the result of MuLV that
was horizontally transmitted from mice
of high leukemic strains to other mice
of low leukemic strains, or whether
antibody in low leukemic mice was
stimulated by infrequent spontaneous
activation of endogenous MuLV. In
either case, the detection of antibody
to virus both in mice of nonproducer
(low leukemic) strains as well as pro-
ducer (high leukemic) strains is of par-
ticular significance in respect to human
leukemia, where it is of interest to de-
termine evidence of virus infection in
the absence of overt virion production.

Note added in proof: Since this re-
port was prepared, we have learned
that Aaronson and Stephenson (&)
have found the widespread occurrence
of antibody in the mouse that neutral-
ized the xenotropic variant of MuLV.

RoBERT C. NOWINSKI
SusaN L. KAEHLER
McArdle Laboratory for Cancer
Research and Immunobiology
Research Center, University of
Wisconsin. Madison 53706
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Language in Man, Monkeys, and Machines

Rumbaugh et al. (I) claim to have
demonstrated language use—reading
and sentence completion—in a chim-
panzee named Lana. Since numerous
investigators are now studying language
use in infrahuman organisms, we
should keep under continuing review
the criteria for evaluating claims that
an infrahuman organism is using
language. We propose the following:
(i) A strong criterion and a weak cri-
terion of language use in nonhumans
can be articulated, the choice of cri-
terion depending on the inferences the
investigator wishes to make. (ii) By
the strong criterion, only Homo sapiens
presently uses language; by the weak
criterion, man, computers, and some
chimpanzees use language. The distinc-
tion is based on process and product
comparisons, respectively. (iii) Lana has
not been shown to use language by any
criterion strong enough to exclude rats,
worms, and any other conditionable
animal.

Since man is the only species whose
language utilization is unquestionable,
man provides the reference point for
judging the equivalence of animal per-
formance with language use. The weak
criterion asserting weak equivalence re-
quires only that some of the behavioral
products of man and nonhumans are
apparently similar. For example, if a
convincing case can be made that a
chimpanzee behaves in a way that re-
quires labeling, syntax, and semantics,
the animal can be said to use some
language, by the weak criterion, regard-
less of how the behavior was induced.
Strong equivalence, in contrast, requires
that the linguistic performance of non-
humans be accomplished by mecha-
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nisms similar to those of men. This
criterion entails a far heavier burden
of evidence; that is, it must be shown
that the organism learns its language
by mechanisms similar to those of
men, makes similar errors, shows a
similar developmental pattern, effects
its language use by similar neurological
structures, and demonstrates any pat-
tern that can be shown to be true of
all human languages (that is, linguistic
universals). The appropriate criterion
must be chosen by reference to the in-
tent of the scientist. If he is interested
only in the symbolic capacity of a
particular species such as the chimpan-
zee, the weak criterion suffices and the
term “language” functions -as a useful
metaphor. However, if the scientist
wishes to relate the animal’s perform-
ance to that of humans, the strong cri-
terion must be met.

The weak criterion of equivalence is
the only one that has heretofore been
met in the comparative study of lan-
guage, because highly structured, care-
fully controlled training procedures
must be introduced to overcome the
chimpanzee’s lack of vocalization and
spontaneous linguistic behavior, short-
comings sometimes characterized as triv-
ial. The most successful effort has been
that of Premack (2), who has trained
his chimpanzee Sarah by means of oper-
ant techniques. Such training procedures
themselves preclude the strong criterion;
they are totally unlike the circumstances

~under which the human child learns

language. They require that production
and comprehension of symbols and
symbol strings be carefully shaped. The
animal is reinforced with 100 percent
consistency; it is presented with only

well-formed strings; and only the well-
formed strings for a particular phase
of training receive reinforcement. In
contrast, human children are incon-
sistently reinforced; they are presented
with ill-formed strings; and their ill-
formed productions are often rewarded,
especially if they are factually correct
(3). The training procedure also pre-
cludes the opportunity for an animal to
make errors similar to those of the
human child acquiring language, as
well as the opportunity to show the
developmental sequence that is universal
among human children. However, the
weak criterion can be met with non-
humans, and Sarah appears to have
met it. Premack gives sophisticated evi-
dence of labeling, syntax, and seman-
tics in Sarah’s behavioral repertoire.
While this is an impressive accomplish-
ment, it does not warrant generaliza-
tions to human language use. The mea-
sures necessary to overcome Sarah’s
linguistic shortcomings are too heroic
for useful comparisons to be made. A
logical equivalent would be verbally in-
structing a human to swing through
trees with the aid of cables, harness,
and nets in an effort to study the on-
togeny or phylogeny of tree-swinging
in simians.

Rumbaugh et al. have failed even to
meet the weak criterion; they give no
convincing evidence of any language
use in Lana. There is no evidence that
Lana labels. Her performance of differ-
ent response sequences for different
rewards might be called labeling if the
rewards obtained were shown to be ap-
propriate to her known drive states
(which they were not). But if this is
labeling, then rats that discriminate be-
tween the response sequences necessary
for food and water in a T-maze can be
said to be labeling the sides of the maze
as “the food side” and “the water side.”
Similar labeling could be attributed to
any lower animal whose responses cor-
relate with its drive states. Second,
there is no evidence that Lana uses
syntax. A knowledge of syntax implies
the capacity for linguistic productivity;
the obvious way to test for its presence
in Lana would be to teach her a new
lexigram—such as raisin—and see if
she generates the novel string Please/
machine/ give/ piece/ of/ raisin  without
shaping. Premack’s chimp Sarah has ap-
parently performed successfully in such
a test; however, the present authors do
not report even attempting it. Correct
insertion of the new item in the ap-
propriate string could also be used to
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