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ABSTRACT

KAJIMA, MIASAHIRO (University of Notre Dame, Notre Dame, Irid.), AND MORRIS
POLLARD. Detection of viruslike particles in germ-free mice. J. Bacteriol. 90:1448-1454.
1965.-Viruslike particles similar in structure to the mouse leukemia agent were de-
tected by electron microscopy in thymus tissues of germ-free AK mice which had de-
veloped spontaneous leukemia. In addition, unique viruslike particles (type B) were
detected in tissues from spontaneous mammary adenocarcinoma of germ-free C3H
mice. Leukemia virus-like particles were also observed in the thymuses of the control
AK mice and of the C3H control mice as well as of those with mammary tumors. Germ-
free mice are not virus-free. The routes of transmission of leukemia as well as of mam-
mary tumor viruses may be "vertical," through the embryo or placenta.

The original germ-free strain of the Swiss-
Webster mouse was caesarian-derived from con-
ventional stock (Reyniers, 1959; Trexler, 1959),
and each young animal was hand-fed a steam-
sterilized diet up to weaning age (Pleasants,
1959). Thereafter, the mice were propagated by
natural means through 21 successive germ-free
generations. Mice of other strains were caesarian-
derived and cross-suckled on germ-free Swiss-
Webster mothers. When weaned, they were sep-
arated from the mothers and propagated by
natural means. Thus far, seven strains of germ-
free mice have been propagated and maintained
in the Lobund Laboratory. In six of the strains,
leukemia could be induced only by exposure to
fractionated small doses ofX rays (Pollard, 1964).
Spontaneous leukemia has not been observed in
them. On the other hand, mice of the germ-free
AK strain developed spontaneous lymphatic
leukemia (Pollard, Kajima, and Teah, Proc. Soc.
Exptl. Biol. Med., in press). Germ-free mice are
free from bacteria, protozoa, and fungi, as deter-

mined by standard bacteriological examinations
(Wagner, 1959). They have been suspected of
carrying some viruses which are probably trans-
mitted vertically or by congenital routes (Pollard,
1964; Pollard and Matsuzawa, 1964). Leukemia
viruslike particles have been detected by electron
microscopy in tissues from normal germ-free mice
(deHarven, 1964; Kajima, unpublished data) and
from germ-free mice with radiation-induced leu-
kemia (Kajima, unpublished data). The purpose
of this communication is to describe viruslike par-
ticles in tissues from germ-free mice with spon-
taneous leukemia and in germ-free mice with
spontaneous mammary cancer.

MATERIALS AND METHODS

Each of 14 germ-free AK mice was removed from
the sterile isolator and examined by hematological
and histological techniques. The mice were dysp-
neic and had rough fur. The AK mice showed gross,
hematological, and histological evidence of lym-
phoid leukemia. The thymus glands were enlarged,

FIG. 1. Thin sections from the thymuses of germ-free AK mice with spontaneous leukemia. (la) An arrow
indicates an early stage in the process of particle formation from the plasma membrane of a lymphocyte. A
doughnutlike particle is seen in the intercellular space. X 145,000. (lb) A later stage in particle formation. A
doughnut like particle is connected to the cytoplasm by a narrow pedicle. X 145,000. (1c) A portion of an
epithelial cell. A cytoplasmic vacuole contains several viruslike particles. One particle shows a tail-like struc-
ture (Dalton, Hanguenau, and Moloney, 1962). An arrow indicates tile formation of a particle in the cyto-
plasm. X 30,000. (1d) An arrow locates a particle with an electron-dense, centrally located core. X 70,000.

FIG. 2. Thin sections from the thymus of a germ-free C3H mouse with spontaneous mammary adenocarci-
noma. (2a) Part of an epithelial cell. Characteristic vacuoles containing viruslike particles are indicated by
arrows. X 30,000. (2b) A higher magnification of the viruslike particle indicated by the arrow in the upper left-
hand corner of Fig 2a. This particle may represent a transitional form between the typical doughnutlike
particle and the particle with the dense nucleoid. X 200,000. (2c) A higher magnification of particles shown
by the arrow in the lower right-hand corner of Fig. 2a. These particles have large, centrally located, electron-
dense cores (nucleoids). X 200,000.
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VIRUSLIKE PARTICLES IN GERM-FREE MICE

and less frequently the lymph nodes, spleens,
livers, and kidneys were also enlarged. The normal
histology of organs was altered by heavy to moder-
ate infiltrations by lymphoblastic cells, many of
which were mitotic. The thymus glands of three
such leukemic germ-free mice were examined by
electron microscopy. The thymus glands were
extracted in physiological saline, and cell-free
filtrates thereof were inoculated into newborn
mice.
Mammary tumor tissues from two germ-free

C3H mice were identified histologically as mam-
mary adenocarcinoma. Tumor and thymus tissues
from such C3H mice were examined for viruslike
particles by electron microscopy. The same organs
from apparently healthy germ-free isologous mice
served as controls.
Each tissue specimen was fixed for 1 hr in 2%,

buffered osmic acid solution (pH 7.4; 4.5% suc-
rose; Caulfield, 1957), dehydrated in a graded
series of ethyl alcohol solutions, and then em-
bedded in Epon 812 (Luft, 1961). Tissue sections
were made with a Porter-Blum microtome
equipped with a glass knife, and they were then
stained with uranyl acetate (Watson, 1958) or with
lead hydroxide (Feldman, 1962), or both. An RCA
EMU-3C electron microscope was used for ob-
serving and photographing the tissue specimens.

RESULTS

Examinations of thin sections from thymuses
and from mammary tumor tissue cells revealed
in them numerous viruslike particles similar to
those reported previously in murine leukemia
(Bernhard, 1960; deHarven and Friend, 1960;
Dalton et al., 1961; Feldman and Gross, 1964)
and in mouse mammary carcinoma cells (Bern-
hard, 1958; Dmochowski et al., 1959; Moore,
1962; Hairstone, Lyons, and Moore 1964a).
Two principal types of particles were observed

in all of the enlarged thymuses from leukemic
germ-free AK mice. One type was characterized

by two concentric shells and an electron-lucid
center (Fig. la). These doughnutlike particles
were 70 to 100 m,u in diameter and resembled the
type Al particle (deHarven, 1962). The second
type of particle had an electron-dense core and a
single limiting membrane (arrow in Fig. ld). The
diameter of this particle was about 100 m,u. The
latter type of particle has been described as a
type C particle (Bernard, 1960; deHarven, 1962).
Doughnutlike particles appeared to be formed by
a budding process from the plasma membrane of
the cell (Fig. la, b, and d). Although most of the
viruslike particles were observed in intracellular
vacuoles (Fig. lc) and in intercellular spaces
(Fig. la and d), a few particles were found in the
cytoplasm (arrow in Fig. lc). Epithelial cells and
abnormal large lymphocytes of the thymus gland
were mainly involved in the formation of virus
particles. On the other hand, viruslike particles
were also found in the thymus tissues of appar-
ently healthy germ-free control mice. In the con-
trol mice, however, they were detected in smaller
numbers and they were located either outside the
cell or in cytoplasmic vacuoles of epithelial cells.
The budding phenomenon was observed mainly
in epithelium-type cells. The incubation period
is not long enough to assess the presence of leu-
kemia virus in the filtrates prepared from thy-
moma cells.
The thymus cells from the germ-free C3H mice

with the mammary tumors contained leukemia
viruslike particles similar to those observed in the
control mice (Fig. 2a, b, and c). The mammary
adenocarcinoma cells contained many smaller
doughnutlike particles, 65 to 70 m,u in diameter,
in the cytoplasm (Fig. 3a). These particles were
similar to type A particles (Bernhard, 1960) or to
type A2 particles (deHarven, 1962). Some ap-
peared to have incomplete double concentric

FIG. 3. Thin sections from mammary adenocarcinoma tissute of a germ-free C3H mouse with leukemia
viruslike particles in the thymus. (3a) Acinar space and portion of a mammary tumor cell. Small doughnut-
like particles are seen in the cytoplasm. Particles with a large, centrally located nucleoid are visible (arrows).
The cytoplasm contains numerous ribosomes. X 40,000. (3b) An arrow indicates the budding process in the
plasma membrane. A doughnutlike particle is seen just within the plasma membrane. The fine fringe of the
plasma membrane is also visible. X 40,000. (3c) Formation of a particle at the tip of a microvillus. T'he par-
ticle shows two concentric shells and an outer fringe. Arrow 1 indicates the inner electron-dense shell; arrow 2,
the outer limiting membrane formed from the plasma membrane; arrow 3, the additional outer fringe. X
175,000. (3d) The plasma membrane, indicated by an arrow, shows budding which may result during the first
stage in the passage of a doughnutlike particle to the outside of the cell from the cytoplasm. The particle show-
ing three concentric shells, an additional outer fringe, and an attachment to the plasma membrane with a nar-
row pedicle, may represent the final stage in the release of the doughnutlike particle from the cell. X 95,000.
(3e) Doughnutlike particles are arranged near a cytoplasmic vacuole containing particles with an electron-
dense, eccentrically located core. The arrow points out an incomplete doughnutlike particle. X 95,000. (3f)
Three different types of particles, characterized by their fine structure, are visible in acinar space. The particle
at the upper right does not contain a nucleoidlike structure. The particle near the center contains a relatively
large, electron-dense core (nucleoid). The particle at the bottom contains a smaller, eccentric, dense core sur-
rounded by a faint membrane. The arrow indicates the fringe on the plasma membrane. X 95,000.
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shells, which might represent a stage in the de-
velopment of the smaller doughnutlike particle
from the fine filamentous mass (arrow in Fig. 3e).
Most small doughnutlike particles were aggre-
gated as in an inclusion (Fig. 3a). Some were
found singly in the cytoplasm (Fig. 3a), and some-
times near the plasma membrane (Fig. 3b and d).
In addition, some of them seemed to be extruded
into an intracytoplasmic vacuole or into inter-
cellular spaces (Fig. 3d). In this process, particles
appeared to acquire an additional coat consisting
of plasma membrane and its fringes (Fig. 3d).
This process might have produced the particle
with three concentric shells and an outer fringe.
On the other hand, budding of the plasma mem-
brane resembling that in leukemia virus formation
was also seen, though rarely (Fig. 3b and c). This
process probably gave rise to particles having two
limiting membranes and an outer fringe (Fig. 3c).
Three main types of particles, measuring about
115 m,u in diameter, were observed outside the
cell. The first was the particle without any elec-
tron-dense core (Fig. 3c and f). The limiting mem-
brane of this type consisted of two or three
concentric shells and an additional outer fringe.
They were made either by the release of type A
particle through the plasma membrane or by the
budding process described above. The second type
of particle contained a relatively large, centrally
located, electron-dense core (about 50 m,u in di-
ameter; Fig. 3a and f). This one resembled the
type C particle (Bernhard, 1960; deHarven,
1962), except that its larger diameter might have
been due to an additional fringe. The third type
of particle was characterized by a smaller, eccen-
trically located, electron-dense core (about 30 m,u
in diameter) which was surrounded by a faint
membrane (Fig. 3e and f); it resembled the type
B particle (Bernhard, 1960; deHarven, 1962).
The first particle-type appeared to be the pre-
cursor of the latter two types. Although the type
B particle was found in both of the mammary
tumors, the particle which resembled the type C
particle was present in one. Neither viruslike par-
ticles nor other suggestive structures have as yet
been detected in mammary gland tissues taken
from control, germ-free C3H mice.

DISCUSSION

Two types of virus particles have been detected
in germ-free mice by electron microscopy: (i)
those associated with leukemia, and (ii) those
found in association with mammary carcinoma
cells. Consideration of the procedures used to ob-
tain germ-free mice (Reyniers, 1959; Trexler,

1959; Pleasants, 1959) indicates that both viruses
may have been transmitted to progeny by vertical
passage through the embryo. The first generation
of germ-free Swiss-Webster mice were not nursed
with their mother's milk (Pleasants, 1959); how-
ever, succeeding strains were foster-nursed by
them. Vertical transmission of leukemia virus
through the fetus (Gross, 1951) or through milk
(Law and Moloney, 1961; Gross, 1962) has been
demonstrated experimentally. Although the
mammary tumor agent (MTA) is commonly
transmitted in the mother's milk to newborn
mice (Bittner, 1936), transmission through the
embryo has also been described (Andervont,
1963). If MTA resides in germ-free C3H mice,
the disease is elicited very rarely. A large colony
involving generations of germ-free C3H mice has
been observed for 4 years, and mammary tumors
have been observed only in the two instances re-
ported here.
That virus is a causative agent in mouse leu-

kemia has been documented extensively (Gross,
1951; Graffi, 1957; Friend, 1957; Moloney, 1960).
However, as observed by electron microscopy, the
viruslike particles (presumably leukemia agent)
persist in the tissues of disease-free mice.

In mammary tumor tissue, many viruslike par-
ticles were observed inside (type A particle) and
outside (type B particle) of the cell. Type B par-
ticles were observed neither in the thvmus tissues
of leukemic mice (Fig. lc and d), nor in the thy-
muses of the mice with mammary tumors (Fig.
2a, b and c). However, particles resembling leu-
kemia virus (type C), except for their fringelike
structure, were detected in mammary tumor tis-
sue (Fig. 3a and f). It has been reported that "the
leukemia particles are smaller and when nega-
tively stained they do not have 100 A spines
covering the external coat" (Hairstone et al.,
1964a). Leukemia viruslike particles have been
described only in mammary tumor tissue of
strain A mice and in hybrid mice genetically me-
lated to strain A mice (Hairstone et al., 1964a;
Hairfield, Sheffield, and Moore, 1964b). The dif-
ferent diameters of leukemia virus and the leu-
kemia viruslike particle in mammary tumor tissue
may depend on the quality of the membrane
which they acquired in the budding process. The
characteristic fringe of the virus particle in mam-
mary tumor tissue is probably derived from the
same material seen in the vacuole or on the sur-
face of the plasma membrane of the cell (Fig. 3a,
b, d, e, and f). Except for the fringe of the leu-
kemia viruslike particle in mammary tumor tis-
sue, its diameter and structure are similar to that
of the leukemia virus (type C) in the thymus. The

1452 J. BACTERIOL.



VIRUSLIKE PARTICLES IN GERM-FREE MICE

thymus tissue from the C3H mice with the mam-
mary tumors contained leukemia viruslike par-
ticles (Fig. 2a, b, and c). Leukemia virus, inocu-
lated intraperitoneally, has been detected in cells
of the mammary gland (Feldman, Gross, and
Dreyfuss, 1963). The germ-free C3H mouse stud-
ied here has no genetic relationship to the strain
A mouse. From these considerations, the type
C-like particle observed in mammary tumor tis-
sue is probably a variant of leukemia virus.

Virus-free mammary tumors have been de-
scribed, and we have no way of relating the mam-
mary tumors to leukemia virus. The latter may
be ubiquitous in the host. However, the detection
of type B virus particles in mammary tumor tis-
sue would suggest that a second virus resides in
the germ-free C3H mouse. This morphological
description will have to be confirmed by biological
test.

ACKNOWLEDGMENTS

This investigation was supported by Public
Health Service grant CA 07721 from the National
Cancer Institute and by the St. Joseph County
Cancer Society.
We acknowledge with thanks the kind assistance

of Thelma Dunn of the National Cancer Institute,
who confirmed the histological identifications of
the mammary tumors, and of Kathleen Boyle for
her expert assistance in the electron microscopy.

LITERATURE CITED

ANDERVONT, H. B. 1963. In utero transmission of
the mouse mammary tumor agent. J. Natl.
Cancer Inst. 31:261-272.

BERNHARD, W. 1958. Electron microscopy of tumor
cells and tumor viruses. A review. Cancer Res.
18:491-509.

BERNHARD, W. 1960. The detection and study of
tumor viruses with the electron microscope.
Canicer Res. 20:712-727.

BITTNER, J. J. 1936. Some possible effects of nurs-
inlg on mammary gland tumor incidence in mice.
Scieiice 84:162-163.

CAUIFIELD, J. B. 1957. Effects of varying the
vesicle for OS04 in tissue fixation. J. Biophys.
Biochem. Cytol. 3:827-829.

DALTON, A. J., F. HANGUENAU, AND J. B. MOLONEY.
1962. Morphology of particles associated with
murine leukemia as revealed by negative stain-
inig. Preliminary report. J. Natl. Cancer Inst.
29:1177-1179.

DALTON, A. J., L. W. LAW, J. B. MOLONEY, AND
R. A. MANAKER. 1961. An electron microscopic
study of a series of murine lymphoid neoplasms.
J. Natl. Cancer Inst.27:747-791.

DEHARvEN, E. 1962. Ultrastructural studies on

three different types of mouse leukemia: a re-
view, p. 183-206. In A. J. Dalton and F. Hague-
nau [ed.], Tumors induced by viruses: ultra-
structural studies. Academic Press, Inc., New
York.

DEHARvEN, E. 1964. Virus particles in the thymus
of conventional and germ-free mice. J. Exptl.
Med. 120:857-868.

DEHARVEN, E., AND C. FRIEND. 1960. Further
electron microscope studies of mouse leukemia
induced by cell-free filtrates. J. Biophys. Bio-
chem. Cytol. 7:747-752.

DMOCHOW SKI, L., C. E. GREY, L. 0. PEARSON,
D. N. WARD, R. B. HURLBERT, A. C. GRIFFIN,
AND A. L. BRESSON. 1959. Studies on mammary
tumor inducing virus in mice (Bittner virus).
Proc. Soc. Exptl. Biol. Med. 102:174-179.

FELDMAN, D. G. 1962. A method of staining thin
sections with lead hydroxide for precipitate-free
sections. J. Cell Biol. 15:592-595.

FELDMAN, D. G., AND L. GROSS. 1964. Electron
microscopic study of the mouse leukemia virus
(Gross) and of tissues from mice with virus-
induced leukemia. Cancer Res. 24:1760-1783.

FELDMAN, D. G., L. GROSS, AND Y. DREYFUSS.
1963. Electron microscopic study of the passage
A mouse leukemia virus in mammary glands of
pregnant, virus-injected, C3H(f) mice. Cancer
Res. 23:1604-1607.

FRIEND, C. 1957. Cell-free transmission in adult
Swiss mice of a disease having the character of
a leukemia. J. Exptl. Med. 105:307-318.

GRAFFI, A. 1957. Chloroleukemia of mice. Ann.
N.Y. Acad. Sci. 68:540-588.

GROSS, L. 1951. "Spontaneous" leukemia develop-
ing in C3H mice following inoculation, in in-
fancy, with AK leukemic extracts or AK em-
bryos. Proc. Soc. Exptl. Biol. Med. 76:27-32.

GROSS, L. 1962. Transmission of mouse leukemia
through milk of virus-injected C3H female
mice. Proc. Soc. Exptl. Biol. Med. 109:830-836.

HAIRSTONE, J. A., M. J. LYONS, AND D. H. MOORE.
1964a. Morphological distinction of type B virus
particles in mammary tumors of strain A mice.
Virology 23:294-297.

HAIRSTONE, M. A., J. B. SHEFFIELD, AND D. H.
MOORE. 1964b. Study of B particles in mammary
tumors of different mouse strains. J. Natl. Can-
cer Inst. 33:825-836.

LAW, L. W., AND J. B. MOLONEY. 1961. Studies of
congenital transmission of leukemia virus in
mice. Proc. Soc. Exptl. Biol. Med. 108:715-723.

LUFT, J. L. 1961. Improvements in epoxy resin
embedding methods. J. Biophys. Biochem.
Cytol. 9:409-414.

MOLONEY, J. B. 1960. Biological studies on a
lymphoid-leukemia virus extracted from Sar-
coma 37. 1. Origin and introductory investiga-
tions. J. Natl. Cancer Inst. 24:933-951.

MOORE, D. H. 1962. The milk agent, p. 113-150.

N'OL. 90, 196i5 1453



1454 KAJIMA AN

In A. J. Dalton and F. Haguenau [ed.], Tumors
induced by viruses: ultrastructural studies.
Academic Press, Inc., New York.

PLEASANTS, J. R. 1959. Rearing germfree cae-
sarian-born rats, mice, and rabbits through
weaning. Ann. N.Y. Acad. Sci. 78:116-126.

POLLARD, M. 1964. Germfree animals and biologi-
cal research. Science 145:247-251.

POLLARD, M., AND T. MATSUZAWA. 1964. Radia-
tion-induced leukemia in germfree mice. Proc.
Soc. Exptl. Biol. Med. 16:967-971.

rD POLLARD J. BACTERIOL.

REYNIERS, J. A. 1959. Design and operation of
apparatus for rearing germfree animals. Ann.
N.Y. Acad. Sci. 78:47-79.

TREXLER, P. C. 1959. The use of plastics in the
design of isolator systems. Ann. N.Y. Acad.
Sci. 78:29-35.

WAGNER, M. 1959. Determination of germ-free
status. Ann. N.Y. Acad. Sci. 78:89-100.

WATSON, M. L. 1958. Staining of tissue sections
for electron microscopy with heavy metals. J.
Biophys. Biochem. Cytol. 4:475-478.


