
72 LEUKEMIC "GERMFHEE" AK MICE

4. Perkoff, G. T., New Eng. J. Moo., 1964, v270,
263.

5. Herrmann, H., Konigsberg, D. R., Robinson,
G., Proc, Soc. Exp. BioI. and Med., 1960, v105, 217.

6. Marcus, P. 1., Cieciura, S. J., Puck, T. T., J.
Exp. Med., 1956, vl04, 615.

7. Burton, K., Biochem. ]., 1956, v62, 315.
8. Girkin, G., Fitch, C. D., Dinning, J., Arch.

Biochem. Biophys., 1962, v98, 224.
9. Srivastava, D., Devi, A., Sarkar, N., Exp. Cell

Res., 1963, v29, 289.
10. Krupnick, A., Casa, c., Rosenkrantz, H., Arch.

Biochem. Biophys., 1964, v106, 89.
11. Kruh, ]., Dreyfus, ].-C. Shapira, G., Gey, G.,

]. Clin. Invest., 1960, v39, 1180.
12. Simon, E. J., Gross, C. S., Lessell, I. M., Arch.

Biochem. Biophys., 1962, v96, 41.
13. Coleman, D. L., Ashworth, M. E., Am. ].

Physiol., 1959, v197, 839.

14. Christensen, H.jStreicher, ]. A., ]. BioI. Chem.,
194(l, v175, 95.

15. Diehl, ]. F., Biochem. Biophys. Acta, 1964, v82,
611.

16. Baker, D., "Tex. Rep. on BioI. and Moo.,
1964, v22, suppl, 1, 880.

17. Konigsberg, 1. R., ]. Cell. Compo Physiol.,
1958, v52, 13. .,

18. Love, D., Konigsberg, J., Endocrinology, 1958,
v62, 378.

19. KschakianjC. D., TIllotson, C., ibid., 1957, v60,
607.

20. Dowben, R.M., Zuckerman, L., Gordon, P.,
Sniderman, S. P., Am. ]. Physiol., 1964, v206, 1049.

21. Strohman, R. C., Cerwinsky, E. W., Holmes,
D. W., Exp. Cell Res., 1964, v35, 617.

Received May 10, 1965. P.S.E.B.M., 1965, v120.

Spontaneous Leukemia in Germfree AK Mice," (30446)

M. POLLARD, M. KAJIMA AND B. A. TEAR

Lob und Laboratory, University of Notre Dame, Notre Dame, Ind.

The strain AK mouse was developed, by
selective breeding, for high incidence of spon­
taneous leukemia(1); most of them usually
die of lymphatic leukemia by 12 months of
age. The nature of the "trigger" which initi­
ates the leukemic disease is unknown; how­
ever, a virus has been clearly incriminated
in pathogenesis of the disease. A virus re­
covered from leukemic AK mice has been
adapted by passages to other strains of mice
and to rats, and is designated Gross strain
A leukemia virus (2) . The adapted virus in­
duces lymphatic leukemia in mouse strains
which under normal circumstances have a
low incidence of spontaneous leukemia. Mice,
as well as rats, are most receptive to the
virus if they are inoculated shortly after
birth.

Lymphatic leukemia has been induced by
X-irradiation in significant numbers of 6
strains of germfree and of conventional coun­
terpart mice(3,4). They included Swiss-Web-

*This investigation was supported by DSPHS re­
search grant CA-07721-03 and by a grant from
United Health Foundations of Indiana.

ster, JCR, C3H, C57 BL, CFW, and Balb/C
strains. The incidence of induced leukemia is
highest in the Swiss-Webster and lowest in
the Balh/C mouse strains. The lesions ob­
served in them were basically the same: en­
larged thymus and lymph nodes, and lesser
numbers of them with lymphoblastic infiltra­
tion of visceral organs and blood. Virus-like
inclusions were noted in and around thymus
cells of the "normal" and of the leukemic
germfree mice by electron microscopy. On
this basis, these mice are designated "germ­
free."

Leukemogenic virus is thought to be dis­
seminated to progeny AK mice by congenital
route(s), where it rests in quiescent but ob­
servable condition until the spontaneous dis­
ease appears. It is likely that a defect de­
velops in the normal homeostatic "cell control
system," thereby permitting the disease to
become manifest. The biochemical mecha­
nism whereby spontaneous leukemia is initi­
ated and is evolved in AK mice is unknown.

The observations presented here concern
spontaneous leukemia in germfree AK mice.
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Methods. A colony of AK mice was de­
veloped from conventional stock provided by
Dr. John Trentin, Baylor University College
of Medicine. Many of the mice died of spon­
taneous lymphatic leukemia by 12 months of
age; the mortality was approximately 80%.
Selected females were time-bred and at term
their young were delivered by caesarian sec­
tion into a germfree flexible isolator(5). The
young AK mice were foster-nursed on germ­
free C3Hf mice until weaning age, and there­
after they proceeded to propagate by natural
means. The colony of germfree AK mice is
now in third generation, and individuals
therein are reproducing in excellent fashion.
The mice have been examined for microbial
flora by standard procedures (6) and the re­
sults have been negative. Thus far, myco­
plasma organisms have not been detected in
them.

At intervals, individual mice, sick or
healthy-looking, were removed from the germ­
free isolator for examination. The examina­
tions included blood smears and blood counts.
The mice were killed by cervical dislocation
and they were autopsied immediately. Speci­
mens of thymus gland and spleen were fixed
in osmic acid (7) and processed as ultra-thin
sections of epon-embedded cells for examina­
tion by electron microscopy (8) . Specimens
of the following tissues were fixed in Bouin's
solution and processed for examination by
light microscopy: thymus, lymph nodes,
spleen, liver, kidney, lung, and intestine. Leu­
kemic tissues were extracted in physiological
saline, the extract was clarified by centrifu­
gation, and cell free filtrates were stored in
the dry ice chest for future attempts at in­
duction of leukemia in mice inoculated at
birth.

Results. The manifestations of spontane­
ous leukemia observed in conventional AK
mice exemplified the classical lesions as de­
scribed in the thymus gland, lymph nodes,
spleen, liver, kidney, and lung(1,9). In most
cases, the visceral organs were infiltrated with
lymphoblastic cells, many of which were
mitotic. Half of the mice had increased
numbers of lymphoblasts in the blood. Virus­
like particles (about 100 mJL in diameter)
were observed in the cytoplasm of thymoma

cells and in intercellular spaces of thymus and
spleen tissues.

Ten of the young germfree AK mice of
the first 2 generations were undersized; they
had diarrhea and prolapsed rectums. In such
animals, the thymus was difficult to find, but
the lymph nodes were at least 4 times the
size of similarly located nodes of other germ­
free mouse strains.

Up to the present 14 germfree AK mice
have developed spontaneous leukemia at an
average of 8.7 months of age (range 7 to 12
months of age). They developed roughness
of the fur, kyphosis, and dyspnea. In all
cases, the thymus gland, lymph nodes, and
spleen were enlarged at least 8X. The
mesenteric lymph node, in most instances,
was strikingly enlarged. Ten of the 14 sick
animals had increased numbers of lympho­
blastic cells in the blood: more than 20,000
per mm", Virus-like particles (about 100
mJL in diameter) were observed in cytoplas­
mic vacuoles of thymoma cells, and in the
intercellular spaces of thymus and spleen
tissues (Fig. 1).

The lymph nodes of younger symptom­
and lesion-free, germfree AK mice were en­
larged, and germinal zones in them were small
and sparse. The medullary areas contained
thick cords and solid sheets of large reticulum
cells, and relatively few lymphoid cells. On
this basis the tissues of germfree AK mice
could be differentiated from the lymph nodes
of other germfree mouse strains, in which the
cell population contained more lymphocytes.
There was no histological evidence of leuke­
mogenesis in the tissues of young AK mice;
however, the lesions in diseased, older mice
were indistinguishable from those observed in
the conventional stock from which they were
derived.

All germfree AK mice had enlarged, thin­
walled cecums with copious watery contents.
This is characteristic of the axenic state.

Discussion. Thus far, leukemia has been
observed in 7 strains of "germfree" mice(3,
4). In 6 of them the virus remained quies­
cent until it was activated by repeated small
doses of X-rays. In the seventh strain (AK)
the leukemogenic process was initiated spon­
taneously. The first generation of "germfree"
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FIG. 1. Virus-like l'ill'ti(·.](·, ill intcrr-r-l lulu.r '1',1<'" of spleen tissue. Yfngnifieation: X 40,000.

AK baby mice was foster-nursed on "germ­
free" C3H mothers, The leukemia mani­
fested in them was of the spontaneous AK
type, not of the radiation-dependent type as
encountered in C3H mice. This implies that a
genetically-controlled mechanism renders the
AK mouse susceptible to disease after attain­
ment of maturity. While the AK host-virus
interaction may be gene-mediated, the disease
induced in C3H mice by AK virus is also
a manifestation of host control. C3H mice
must be inoculated at or near time of birth,
otherwise the disease fails to develop (2) .

The AK leukemia virus penetrated the bar­
rier erected by germfree methodology: and
very likely it was transmitted vertically, by
congenital route(s). Virus-like particles, pre­
sumably leukemia virus, have been observed
in the germ plasma and in fetal tissues of
conventional AK mice(10). The disease was
not modified by the bacteria-free status of
the host, nor by habitation in the "germfree"
environment. The virus-like particles ob­
served in thymus cells, and in spleen tissue,
may represent leukemia virus, plus others

which as yet await identification.
The morphological characteristics and

pathogenesis of lymphatic leukemia-the
spontaneous form in AK mice, and the radia­
tion-induced form in the others-are indis­
tinguishable. This applies also to the mor­
phology and location of virus-like particles,
as viewed by electron microscopy. We may
assume from this, therefore, that the mecha­
nism(s) of lymphoid leukemogenesis in the
various strains of mice are closely related.
Therefore, identification of the X-ray "trig­
ger" which initiates disease in one strain may
be relevant to the others, and this may apply
also to the spontaneous disease.

Summary. Lymphatic leukemia developed
spontaneously in "germfree" AK mice. The
characteristics of disease were the same as
those observed in the conventional control
AK mice. The data indicate that the leu­
kemia agent was transmitted to progeny by
congenital route (s) .
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The. mechanisms controlling the secretory
activity of the corpus luteum have been
attracting increasing attention in recent years.
Progesterone protects the fetus during preg­
nancy from excessive myometrial activity and
influences the onset of parturition(I). In the
rabbit, the corpus luteum is essential for
maintenance of the entire gestation period of
30 days. The effect of progesterone on the
myometrium declines on the 29th day(2).
However, the hormonal requirement of im­
plantation varies from that required for fetal
survival and prenatal development (3 ).

The ovarian vein blood of non-pregnant
rabbits contains progesterone (preg-4-ene-3,
20-dione) and a4-3-ketopregnen-20 a-ol (20
a-hydroxy-pregn-4-ene-3-one)(4,5). Proges­
tin levels were determined in the peripheral
blood serum of rabbits by the Hooker-Forbes
technique (6). A rapid increase was seen dur-
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ing the first 12 days of pregnancy and slower
rise from the 12th day until term; maximal
concentration of 10 JLg/ml of serum was noted
on the day before expected parturition. In
the ovarian vein blood the concentration of
progesterone was found to rise gradually to
a peak of 2.36 JLg/ml at mid-pregnancy, fol­
lowed by a gradual decline in the second half
of pregnancy, with consistent low values of
about 0.41 p.gjml 2 days prior to parturition
(7) .

In the present study ovarian progestin
levels were estimated during pregnancy, pseu­
dopregnancy and superovulation in the rab­
bit. Data were gathered simultaneously on
progestin levels in ovarian effluent blood.

Materials and methods. Fifty-four adult
New Zealand White rabbits were randomly
assigned to one of 3 groups: pregnant, pseu­
dopregnant, or superovulated. Pregnancy was
achieved by breeding twice to fertile bucks
followed by an intravenous injection of 20
IU of luteinizing hormone (HCG, Upjohn).
Pseudopregnancy was achieved by breeding
to a vasectomized buck. Superovulation was
induced by 3 successive injections of 50 IU
of pregnant mare serum (PMS, Ayerst) and
one intravenous injection of 20 IU of HCG.
The animals were laparotomized at different
stages of pregnancy or pseudopregnancy. The
number of corpora lutea and number of im­
plantations were recorded. The animals were
injected with nembutal and 10 mg heparin.
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