grain. These effects would, of course,
be greatly reduced compared with
those in the macrocrystals, because of
dilution by the random parts of the
network. However, if they could be de-
tected, they would give some measure
of the number of atoms in regular
array with respect to those in random
array. It might be informative to ex-
amine data in the transition region
with this in mind.

With the liquid preserving the struc-
ture of the crystal to this extent, it
is natural to think of melting as in-
troducing an ever-increasing number
of defects into the lattice, decreasing
the grain size to some small but critical
value where long-range order ceases
and the structure fails.

JouN F. G. Hicks
2404 Anson Drive,
Columbus, Ohio 43221
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Susceptibility to Two Strains of Friend Leukemia Virus in Mice

Abstract. A mutant strain of the Friend leukemia virus is described. The
parental virus strain, passaged through ICR/Ha mice, shows no or very little
activity by the spleen-focus assay in BALB/c mice (by comparison with highly
susceptible DBA/2 and ICR/Ha mice) and produces typical Friend disease in
these mice only exceptionally; susceptibility to this strain of virus is recessive in
the (C57BL/6 X DBA/2) F,. By contrast, the mutant virus strain is as active
in BALB/c mice as in DBA/2 or ICR/Ha mice; susceptibility to the mutant
virus strain is dominant in the (C57BL/6 X DBA/2) F,.

The problem of the host strain spe-
cificity of the Friend leukemia virus
in mice has been investigated a num-
ber of times since Friend’s report ()
of a very narrow range of strain sus-
ceptibility. BALB/c mice appear to be
highly susceptible to the virus in some
studies (2), while in others they ap-
pear quite resistant, the difference be-
ing attributed sometimes to the mouse
substrain used and sometimes to the
virus strain used. Although “BALB-
adapted” virus has been reported (3),
the nature of the adaptation has not
yet been elucidated.

We now report the comparison of
‘two strains of Friend virus (FV), one
obtained from the other by passage
through mouse hosts relatively resist-
ant to the parental virus strain.

Except for commercially obtained,
random-bred ICR/Ha Swiss albino
mice, all mice were from our own in-
bred colonies. The mice were usually
6 to 12 weeks old when inoculated
with virus. The inbred strains used
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were: DBA/2, BALB/c, C3H{/Bi, A,
and C57BL/6; in addition, certain Fy
hybrids between them were also used.

Virus preparations were obtained
as follows. The greatly enlarged spleens
from mice injected with virus 2 to
3 weeks previously were homogenized
in nine times their weight of cold
phosphate-buffered saline. The homog-
enates were centrifuged relatively
slowly, the supernatant was recentri-
fuged for 4 minutes at about 7000g
and this second supernatant, either as
such or after filtration through Selas
02 filter candles, was used as the basic
virus inoculum.

Our “parental” strain of FV, estab-
lished in 1965 from Friend’s line
passed continuously through DBA/2
mice (191 passages), has been passed
exclusively through ICR mice; we
refer to it as Friend-S (F-S) virus.
This F-S virus was injected at passage
two into six BALB males, of which
two developed splenomegaly -after a
prolonged period of latency (4 to

6 weeks, as compared with 2 weeks
in the ICR passage animals). The
spleen of one of these was used to
establish a separate line of virus which
has been passed exclusively through
BALB mice; this virus strain is desig-
nated Friend-B (F-B) virus.

Two criteria of virus susceptibility
have been used in these studies: @)
the activity, determined by the spleen-
focus assay (4), of a virus preparation
in an unknown mouse strain by com-
parison with its activity in the strain
of origin, and (ii) the ability of mice
of ‘a given strain to sustain virus
growth upon serial passage.

Preparations of the parental F-S
virus strain routinely show the same
high activities when assayed in either
ICR or DBA/2 mice, and either mouse
strain readily supports the serial pas-
sage of F-S virus. On the other hand,
no activity is generally observed when
adult BALB or C57BL mice are used.
However, BALB mice are not totally
resistant to the virus, for the typical
disease syndrome may be induced in
them by the injection into adults of
exceptionally large doses of F-S virus
or by inoculating them up to 10 days
postnatally with more usual virus doses.
F-S virus has never produced either
overt Friend disease or spleen foci in
any mice of the C57BL strain in our
laboratories.

From these facts it emerges that
three classes of strain susceptibility to
F-S virus can be defined. Class I mice
(DBA/2, ICR/Ha; also C3Hf/Bi) are
highly susceptible as adults to the
virus. Class II mice (BALB/c; also
A) are relatively resistant to the virus
as adults, but as babies they are sus-
ceptible. Class III mice (C57BL/6)
are highly resistant under all circum-
stances investigated.

Preparations of the variant F-B vi-
rus show approximately the same ac-
tivity whether ICR, DBA/2, or BALB
mice are used for their assay. No activ-
ity is seen in C57BL mice. The disease
syndrome produced in susceptible ani-
mals by F-B virus appears grossly sim-
ilar to that of F-S virus, although
periods of latency may be slightly
shorter with the former and, in gen-
eral, extracts containing F-B virus
demonstrate somewhat higher virus ti-
ters than do similarly prepared extracts
containing F-S virus. Baby mice of
susceptible strains, inoculated with
preparations of F-B virus, show a
much higher rate of infant mortality
than when F-S virus is inoculated.

Despite the fact that a given F-B
virus  preparation shows identical
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spleen-focus titers in BALB and in
ICR mice, the ICR animals do not
casily support the serial passage of this
virus strain. In four attempts to estab-
lish lines of F-B virus maintained in
ICR hosts, two lines were lost after
two and four passages, respectively, in
ICR mice, and the other two continued
to show slow, irregular growth for sev-
eral passages in ICR mice. Each of
these two lines that grew slowly and
irregularly retains its high infectivity
for BALB mice, however, indicating
that their properties have not reverted
to those of F-S virus.

Similarly, attempts to repeat the iso-
lation from the F-S virus line of vari-
ants similar to F-B virus have met
with irregular success. In two of eight
attempts, virus from BALB mice show-
ing typical FV splenomegaly after in-
fection with F-S virus (either as ba-
bies or, using high-titer preparations, as
adults) failed to survive a single pas-
sage in BALB mice. Of the six lines
established in the successful attempts,
five produced splenomegaly slowly or
in a small percentage of recipients in
the first BALB-to-BALB passage, but
subsequent passage through BALB
mice was considerably easier. After
five to six such BALB passages, prep-
arations of these virus substrains were
assayed in both ICR and BALB hosts,
and in all six cases similar titers were
obtained in the two mouse strains, in-
dicating that the original F-S virus
strain had in each case been altered
to a new line with properties similar
to those of F-B virus.

An indication of immunological re-
lationship between the two virus strains
was provided by an experiment show-
ing that prior treatment of BALB mice
with F-S virus conferred protection
against subsequent inoculation with F-
B virus. Three groups of 25 BALB
mice each received intraperitoneal in-
oculations of a highly active F-S virus
preparation diluted 1:1, 1:10, or
1:100.

Twelve of the 25 mice receiving
the highest virus dose developed
splenomegaly and were retired from
the experiment. The remaining 13
mice of this group and all 25 mice
of the other groups received on day
13 an intravenous injection of a dilu-
tion of a F-B virus preparation that
had high activity in normal BALB
mice, and all but 6 out of 63 mice
were completely protected against the
focus-forming activity of the F-B virus
preparation.

In a small experiment of similar de-
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Table 1. Susceptibility of three classes of
mouse strains and of their F, hybrids to two

strains of Friend leukemia virus, F-S and F-B -

virus. + Indicates highly susceptible both by
the criterion of the spleen-focus assay and by
that of ability to sustain the serial passage of
the virus; =+ indicates resistant as adults to
all but very large virus doses, but routinely
susceptible as babies; — indicates resistant
under all conditions investigated. _

Susceptibility to
Class of mice . Y

F-S virus F-B virus

1 (DBA/2, ICR/Ha,

C3H{/Bi) + +
II (BALB/c, A) =+ -+
IIT (C57BL/6) — —
(I xII) F, + -+
(1 x 1I) F, += +
(I X III) F, - +

sign, ten ICR mice were completely
protected against F-S virus by prior
treatment with a 1:1000 dilution of
a F-B virus preparation.

Susceptibility to these two variants
of FV was studied in crosses of
susceptible and resistant mouse strains.
In general, susceptibility to F-B virus is
inherited as a dominant character,
while susceptibility to F-S virus is in-
herited as a recessive character. In
particular, the results with the F, hy-
brids of the strains C57BL and DBA/2
have provided a sharp distinction be-
tween the two virus strains. Prepara-
tions of either F-S or F-B virus show
maximum activity when assayed in
DBA/2 mice. Neither virus strain
shows any activity in C57BL mice.
Preparations of F-B virus show nearly
identical activities in (C57BL X DBA/
2) F, hybrids and in parental strain
DBA/2 mice. By contrast, F-S virus
preparations with high activity in the
DBA/2 strain show little or no activ-
ity in these same F; hybrids. Thus,
susceptibility to F-B virus is dominant
and that to F-S virus is recessive in
the same cross.

The susceptibility studies with the
two virus strains (Table 1) indicate
that the response of F; hybrids of a
cross of classes I and III is similar
to that of class II mouse strains. This
is notable, particularly in view of the
fact that the inbred class IT mice are
presumably homozygous at all auto-
somal loci, while the (I X III) F; hy-
brids are necessarily heterozygous at
any autosomal determinants of FV sus-
ceptibility at which the parental strains
differ.

These findings emphasize the ques-
tion of whether a single locus with
three or more alleles controls suscep-

tibility to both variants of FV in all
mouse strains, or if two or more in-
dependent genes function to determine
the response to FV. Four studies (3,
5), each with different combinations
of susceptible and resistant mouse
strains and different techniques to de-
termine susceptibility or resistance in
individual mice, offer data compatible
with a single-gene hypothesis. In view
of our findings, this hypothesis may
now be summarized as follows. The
three classes of mouse strains, I, II,
and III, have the alleles S;, Sy, and
Sim, respectively, and, being homozy-
gous, their resultant phenotypes are:
S;S;, susceptible to F-B and to F-S
virus; Sp;Sy;, susceptible to F-B virus,
resistant to F-S virus; and SyypSiyp, re-
sistant to F-B and to F-S virus. Further-
more, the hybrid S;Sy; genotype de-
termines the same phenotype as that
of the homozygous S;:S;; genotype,
and the Sy; allele is dominant over
both the S; and the Syyy alleles.

However, a two-gene hypothesis
could also be invoked to explain the
findings. Thus, if one gene, with al-
leles A for resistance and a for sus-
ceptibility, determines the response to
F-S virus, and if another gene, with
alleles B for susceptibility and b for
resistance, determines the response to
F-B virus, then the genotypes of the
various classes of mouse strains and
of their F; hybrids would be: I, aa,
BB; 11, AA, BB; 111, AA, bb; (I X II)
F,, Aa, BB; (I X III) F,, Aa, Bb; and
a1 x 1) F,, AA, Bb.

Our data are consistent with both
of these hypotheses, and further stud-
ies with the two virus strains in seg-
regating generations of appropriate
crosses will be necessary to distinguish
between them and to facilitate the
study of the mechanisms of genetic
resistance to FV.

FrANK LIiLLy
Department of Genetics,
Albert Einstein College of Medicine,
Bronx, New York

References and Notes

1. C. Friend, 2. Exp. Med. 105, 307 (1957).

2. A. H. Fieldsteel, P. J. Dawson, W. L. Bos-
tick, Proc. Soc. Exp. Biol. Med. 108, 826
(1961).

3. C. K. Franker and J. J. Quilligan,
Soc. Exp. Biol. Med. 121, 1090 (1966).

4. A. A. Axelrad and R. A. Steeves, Virology
24, 513 (1964).

5. T. Odaka and T. Yamamoto, Japan J. Exp.
Med. 32, 405 (1962); A. A. Axelrad, in
Monograph No. 22 on Murine Leukemia
(NCI, Bethesda, Maryland, 1966), p. 619, F.
Lilly, ibid., p. 631.

6. Study conducted under contract No. PH 43-
65-612 within the Special Virus-Leukemia
Program of NCI, USPHS.

21 November 1966

Proc.

SCIENCE, VOL. 155



