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ABSTRACF

The presenceand numbersofC-type virus particles in an animal model
consisting of mice and rats with either spontaneous or virus-induced
leukemia and lymphomas were studied, in order to determine the relation
of the appearance of virus particles to viral etiologyof such neoplasms.

The numbers and distribution of C-type virus particles in organs from
13 mice with spontaneous leukemia and lymphomas were compared with
the presenceof virus particlesin organsof 13 micewith leukemiaand
lymphomas induced by passage A (Gross) virus inoculation. C-type virus
particleswere presentin organsof all mice with either spontaneous
leukemia or leukemia and lymphomas induced by virus inoculation.
However, the number of particles observed was significantlyhigher in
those mice in which leukemia was induced by virus inoculation. Virus
particleswerealso observed,but in substantiallysmallernumbers,in
organs of 13 of 25 untreated, healthy mice of the nonleukemic G3H(f)
inbred line.

In contrastto mice,C-type,or anyothervirusparticles,werenotfound
in organs of 10 Sprague-Dawley,Long-Evansor Sprague-Dawleyx
Long-Evans F1 hybrid rats with spontaneous leukemia. However, C-type
virus particles were consistently present organs of 11 Sprague-Dawley
rats with leukemia induced by rat-adapted passage A (Gross) mouse
leukemia inoculation. The virus particles appeared in the organs of the
inoculated rats 5 days after i.p., and 11 days after s.c. inoculation. Virus
particleswerenot found in organsof 10 healthyuntreatedSprague
Dawley rats The implications of these observations are discussed.

INTRODUCFION

In some species, such as chickens, mice, and cats, virus
particles can be readily found, on electron microscopic exami
nation, in certain malignant tumors, particularly in sarcomas,
leukemia, or lymphomas; in other animal species, however,
such as cattle or dogs, and also in humans, no virus particles
can be usually found in spontaneous tumors, leukemia, or
lymphomas (1).

Some exceptions to this rule exist; it was observedthat under
certain experimental conditions, and in certain species, virus
particles absent in initial studies in leukemia and lymphomas,
appeared after the neoplastic cells were placed in short term
tissue cultures, particularly when growth promoting substances
were added to such cell cultures (2â€”6).Thus, the presence or
absenceof virus particles in neoplastic cells apparently depends
on a number of factors which, to a large extent, are yet un
known.

The purpose of this study was to compare the incidence,
distribution, and relative numbers of virus particles present in
organs of mice with spontaneous leukemia and lymphomas,
with those present in mice with leukemia and lymphomas
induced by inoculation of the passage A (Gross) mouse leuke
mia virus. Organs of untreated, healthy mice of nonleukemic
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strains were also examined, as controls.
In a parallel study, sections from organs of Sprague-Dawley

and Long-Evans rats, and also of Sprague-Dawley x Long
Evans F1 hybrid rats, with spontaneous leukemia and lympho
mas were examined and compared with organs of rats of the
Sprague-Dawley strain with leukemia induced by inoculation
of the passageA (Gross) mouse leukemia virus.

MATERIALS AND METhODS

Mice with Spontaneous Leukemia. Thirteen mice that developed
leukemia spontaneously between 7 and 19.5 months of age were cx
amined. Eight mice were C3Hf, 2 were C3H/d, one was C57BR, one
was C3Hf x C57BR F1 hybrid, and one was a C58 x C57BR F1 hybrid.
Two mice had stem cell leukemia, 9 had lymphatic leukemia, one had
myelogenousleukemia,andonehadreticulumcell sarcoma.

Mice with Leukemia Induced by Virus Inoculation. Thirteen C3Hf
mice were given injections within the first week after birth of passage
A (Gross)mouseleukemiavirus filtrate. All animalsdevelopedleuke
mm between 2 and 3.5 months of age. Three mice had generalized
lymphatic leukemia, 2 had stem cell leukemia, and 8 had generalized
lymphosarcoma, with no evidence of leukemic changes in blood mor
phology.

Control Mice. Twenty-fivenormal healthy C3Hf mice 1 to 5.5
monthsold wereexamined.

Rats with Spontaneous Leukemia. Ten rats that developed leukemia
spontaneouslybetween16 and 31 months of agewere examined. Three
were Sprague-Dawley, 3 were Long-Evans, and 4 were Sprague-Dawley
x Long-Evans F1hybrids. Five had myelogenous leukemia, 2 had stem
cell leukemia, 2 had lymphatic leukemia and one had histiocytic lym
phoma.

Rats with Leukemia Induced by Virus Inoculation. Eleven Sprague
Dawley rats inoculated within 9 days after birth with rat-adapted
passage A (Gross) mouse leukemia virus filtrate developed leukemia
between 2 and 5 months after inoculation. Four rats developed stem
cell leukemia, one developed lymphatic, 3 developed myeloid, and 3
developed aleukemic leukemia. In addition, 7 Sprague-Dawley rats
received s.c. and 8 received i.p. inoculations of the passage A rat
adapted mouse leukemia virus. Rats in both groups were then sacrificed
after intervals of time varying from 3 to 15 days and their organs were
then examined in the electron microscope. Specimens for electron
microscopy were processed and stained as previously described (7), and
wereexaminedin a Philips 300electronmicroscopeat Hoffmann-La
Roche, by Dorothy Feldman.

RESULTS

Comparison of the Numbers of C-Type Virus Particles in
Organs of Mice with Spontaneous Leukemia, Virus-induced
Leukemia, and in Control Mice. Thymus, bone marrow, spleen,
and lymph nodes of mice with either spontaneous or passage A
(Gross) virus-induced leukemia were examined. C-type virus
particles were observed in every one of these organs examined
from both groups of mice. However, the number of particles
observedwassignificantly higher in mice with leukemia induced
by virus inoculation than in mice with spontaneousleukemia
(Table 1). In most organs of mice with spontaneous leukemia,
only few (+) virus particles were observed. In some organs,
moderate numbers (++) of particles were present; in no organs
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Table 1 Comparison ofthe number dC-type virusparticles in organs of control
mice, virus-injected leukemic mice, and mice with spontaneousleukemiaSpontaneous

Leukemia induced by virus
Organ Control leukemiainjectionThymus

9â€•(@)b 3 (+), I (++) 2 (+), 6 (++), 5 (+++)

l3c 413Spleen

0 3 (+), 2 (++) 4 (+), 9 (+4-)
@j 513Bone

marrow@ 2 (+), 1 (+4-) 3 (4-),4 (++), I (+4-4-)
15 38Lymph

node@ 5 (+), 2 (++) I (+), 6 (++), I (+++)
21 78Total

13d 13 13
@ ii ii

BoneDaysThymusmarrowSpleenAfter

s.c.inoculation3Od00500060007000100001104-015+4-4-After

i.p.inoculation40005++0500â€”60+074-+4-7++++11+4-++4-14+4-++

VIRUS PARTICLES IN MOUSE AND RAT LEUKEMIA

Table 2 C-Type virusparticles in organs ofSprague-Dawley rats after
inoculation with Gross leukemia virus

a Number ofeach organ in which particles were Observed.

aApproximate averagenumber of particles per grid square using 300 mesh
grids; +, less than 5 (few); +4-, 5â€”10(moderate); +++, more than 10 (abundant).

C Total number of each organ examined.

d Number of mice in which particles were observed.

e Total number of mice examined.

was an abundance of particles found. In organs of mice with
leukemia induced by virus inoculation, most of the organs
examined contained moderate (++) to abundant (+++) num
bers of virus particles.

In C3Hf, C57BR, and in C3Hf x C57BR F1 and C58 x
C57BR F1 hybrid mice with spontaneous leukemia, C-type virus
particles (Figs. 2â€”6),and occasionally intracisternal A-type
particles were observed (Fig. 1). In C3H/d mice with sponta
neous leukemia, intracytoplasmic A-type particles (Fig. 7; Fig.
9, right) budding B-type (Fig. 7) and budding C-type particles
(Fig. 8), and mature C-type (Fig. 9, left) particles were present.
An abundance of C-type virus particles occasionally found in
mice with leukemia induced by virus inoculation (Fig. 10) was
not observed in mice with spontaneous leukemia.

In noninoculated control mice, C-type virus particles were
present in organs of only about one-half of the mice examined,
as compared with leukemic mice, in which particles were pres
ent in every animal. Particles were observedin most specimens
of thymus and only occasionally in bone marrow and lymph
nodes; they were not observed in the spleen. Virus particles
were present only in small numbers in organs of control mice.

Search for Virus Particles in Rats with Spontaneous Leukemia
Compared with Leukemia Induced in Rats by Rat-adapted Pas
sage A Leukemia Virus. Thymus, spleen, liver, bone marrow,
lymph nodes, and buffy coat from 10 rats with spontaneous
leukemia were examined. C-type particles were not observedin
any of these organs. This observation was in marked contrast
to the results of examination of organs removed from rats with
leukemia induced by the rat-adapted mouse leukemia virus (8).
Examination of organs of 11 rats with leukemia induced by
mouse leukemia virus inoculation, consistently revealed the
presenceof C-type virus particles, often in moderate to abun
dant numbers (9).

Electron microscopic examination revealed that after i.p.
inoculation, C-type virus particles appeared as soon as 5 days
after inoculation in the thymus and in the bone marrow and
after 7 days also in the spleen. On the other hand, after s.c.
inoculation, C-type virus particles appeared only after 11 days
in the bone marrow and after 15 days also in the thymus and

in the spleen (Table 2).

DISCUSSION

On the basis of studies carried out on several animal species
such as chickens, mice, and cats (I), it became apparent that C-

a o, no particles observed; +, few particles present â€”,not examined; ++, many
particles present.

type virus particles are closely related to the development of

leukemia and lymphomas; we have no definite explanation,
however, as to why virus particles appear predominantly in
leukemic cells in certain species, but are difficult to detect, or
are not detectable, in certain other species, such as rats, horses,
and also in humans (1). It is possible to speculate that in those
species in which virus particles are usually not detectable in
primary tumors and lymphomas, the virus may be integrated in
the cell genome. Under certain conditions, however, virus par
tides may form and appear in leukemic cells. Thus, C-type
particles were recently described in a certain form of T-cell
lymphomas in humans, but only after the cells were successfully
grown in tissue culture, which required addition of a T-cell
growth factor (4, 5). Similarly, presence ofvirus particles could
not be detected in bovine leukosis until the bovine leukemia
cells were placed in short-term tissue cultures (3). It is interest
ing to recall at this point, that certain malignant tumors, such
as sarcomas induced in rats, hamsters, or other species, by
inoculation of either the polyoma virus or certain strains of
adenoviruses, do not contain virus particles on electron micro
scopic examination (10, 11).

Experiments previously reported (9), and also confirmed and
extended in this study, clearly indicate that virus particles are
consistently present in relatively large numbers in spontaneous
leukemia in mice, and particularly in leukemia induced in mice
by inoculation of the passagedmouse leukemia virus. They are
also present in leukemia and lymphomas developing sponta
neously in wild mice (12). On the other hand, spontaneous
leukemia and lymphomas observed in rats, as a rule do not
contain virus particles on electron microscopic examination.
However, virus particles are present consistently and in rela
tively large numbers in leukemia and lymphomas induced in
rats with the mouse leukemia virus (9) The virus particles
appeared in the organs ofthe inoculated rats about 5 days after
i_p.,and 11 days after s.c. inoculation (Table 2).

The presence or absence of virus particles goes hand in hand
with the possibility of transmission of leukemia or lymphomas
by cell-free extracts from host to host. Mouse leukemia, either
spontaneous or induced by virus inoculation, is readily trans
missible from mouse to mouse by cell-free extracts. On the
other hand, spontaneous leukemia or lymphomas developing
in rats, free from detectable virus particles, are, as a rule, not
transmissible by cell-free extracts; however, leukemia and lym
phomas induced in rats with the passageA mouse leukemia
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Figs. I to 10. Virus particles organs ofmice with spontaneousleukemia(Figs. 1 to 9)compared with leukemiainducedby virus inoculation(Fig. 10).Figs. I to
4. C3Hfspleen demonstrating intracisternal A-type particles (Fig. 1, arrows); immature C-type particles (Fig. 2, arrow); budding C-type particles (Fig. 3, arrow); and
lymph node showing mature C-type particles (Fig. 4, arrow). Figs. I and 2, x 40,000 Fig. 3, x 50,000@,Fig. 4, x 30,000. Figs. 5 and 6. Thymus from a C3Hf x
C57BR F1 hybrid demonstrating budding (Fig. 5, arrow) and immature (Fig. 6, arrow) C-type particles. Fig. 5, x 100,000; Fig. 6, x 90,000. Figs. 7 to 9. C3H/d
mouse bone marrow showing intracytoplasmicA-type particles (Fig. 7, bottom arrow and Fig. 9, right arrow); budding B-type particle (Fig. 7, upper left arrow);
budding C-type particles (Fig. 8, arrow); and mature C-type particles (Fig. 9, left arrow). Fig. 7, x 40,000 Fig. 8, x 45,000 Fig. 9, x 35,000. Fig. 10. Bone marrow
from C3Hf mousewith leukemiainducedby passageA virusinoculationshowingnumerousC-typeparticles(arrows)in a megakaryocyte.x 26,000.
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VIRUS PARTICLES IN MOUSE AND RAT LEUKEMIA

virus, apparently indistinguishable clinically and morphologi
cally from spontaneous leukemia and lymphomas in that spe
cies, consistently contain C-type virus particles, and are readily
transmissible by cell-free extracts to either rats or mice.

It is apparent that absence of formed virus particles, detect
able with the electron microscope, in leukemias and malignant
lymphomas does not necessarily exclude viral etiology of that
disease. Specific conditions favoring the appearance of virus
particles in neoplastic cells remain to be determined.
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