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The importance of the thymus as the
origin site of lymphocytic neoplasms in mice
is known. Many investigators using various
agents have amply demonstrated this impor-
tance (1-9).

Building on the work of Rich et al. (10)
and Haran-Ghera et al. (11), experiments to
test the influence of the route of inoculation
on leukemogenesis in the Gross passage A
(GPA) system were designed. It was expect-
ed that the results of these earlier researchers
would be duplicated in the GPA system. But
it was important to investigate the problem
to test the leukemogenic wvirulence of one of
the virus preparations to be used, a newly-
developed transplantable GPA lymphoma in
the ascites form,

The intrathymic route and intraperitoneal
route of inoculation with GPA virus from
leukemic tissues were compared to determine
the relative effectiveness of each route in leu-
kemogenesis. Inoculation by the intrathymic
route resulted in a shorter latent period and a
higher incidence of leukemia than did the
intraperitoneal route. In a second series of
experiments, a cell-free preparation of the
new ascites-form lymphoma was used. Again
the intrathymic route proved to be, as mea-
sured by the latent period and incidence
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parameters, more leukemogenic than the in-
traperitoneal route.

When the intrathymic route was used, the
two virus suspensions were equally leukemo-
genic. No significant difference in incidence
rate was observed. However, with the intra-
peritoneal route, malignant ascitic fluid in-
duced a significantly higher rate of incidence
than did the virus from the tissue filtrates.

Materials and Methods. Animals. Inbred
mice of the C3H/Bi, DBA/2 strains, and F,
hybrids of these strains used in this study
were originally obtained from the colonies of
the late Drs. John J. Bittner and Carlos
Martinez. The animals have been maintained
by rigorous inbreeding procedures. Both
strains of mice were foster-nursed on C57BL
to eliminate the mammary carcinoma milk-
borne agent. The occurrence of spontaneous
lymphoid malignancy in the C3H/Bi strain
is relatively low. However, if newborn or
suckling mice are inoculated with Gross pas-
sage A virus, lymphoid malignancy regularly
develops.

The animals were given water and Purina
Laboratory Chow pellets ad libitum through-
out the experiments. After weaning, not more
than 5 littermate inoculated animals were
housed per cage. Development of the lym-
phoma was confirmed by gross and microsco-
pic observations. The mice were examined
weekly for signs of malignancy, and a de-
tailed autopsy was performed at sacrifice or
spontaneous death of the animal. Samples of
organs were fixed in 10% formalin, processed
routine histological methods, and stained
with hemotoxylin and eosin.

Virus. The Gross passage A virus, original-
ly obtained from Dr. L. Gross in 1962, has
been maintained by serial passage in
C3H/Bi strain mice. Growth and passage of
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the virus using the procedure of Gross (12)
involves a latent period of several months.
The viral preparations harvested usually vary
in potency. To obtain the quantities of virus
necessary for experimentation, a new meth-
od for growing and harvesting transplantable
Gross lymphomas which grow rapidly and
uniformly was found. The transplanted lym-
phoma has been developed into the ascites
form by passage in 2-3 months old (C3H/Bi
X DBA/2)F; hybrid mice, which are sus-
ceptible to GPA virus when injected at birth
(13).

The animals were examined daily and
weighed every third day for signs of de-
veloping ascites. In most mice, a significant
change in body weight occurred within 7
days. A maximum development of ascites was
obtained in 10-15 days, at which time the
animals were sacrificed. The animals were
killed with ether and the peritoneal fluid was
removed under aseptic conditions. The fluid
was then centrifuged at 4000 rpm (0°) for
20 min. The supernatant was transferred by
sterile Pasteur pipette into sterile glass vials,
which were sealed and stored at —70°. Prior
to inoculation, the undiluted cell-free peri-
toneal fluid was filtered through a Swinney
filter containing a Millipore membrane of
0.45 pu pore size.

For routine passage of ascites, each mouse
was injected intraperitoneally with an aver-
age of 3.5 X 107 cells (range, 1.5-5.1 X 107
cells). Cell counts by the dye exclusion meth-
od (0.5% trypan blue) indicated 80-95% cell
viability in the preparations used. When the
tumor is in the ascites form, a large quantity
of fluid can be obtained from the peritoneal
cavity of recipients in approximately 2
weeks. Virus can be prepared from this fluid
with a minimum of iz vifro manipulation.
Because of the quantity of fluid, variations in
potency are avoided.

Recovery of virds from transplanted Gross
lymphomas has not previously been reported,
though Toachim e¢ al. (14) described the
recovery of Gross passage A virus from leuke-
mic cells grown in vitro.

Inoculation procedure. A sterile 1 ml syr-
inge fitted with a 30 gauge needle was used
for both intrathymic and intraperitoneal in-
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jections. The 2-5 day old mice were lightly
anesthetized with ether and held on a dissect-
ing board with ventral surface upward. The
animals were inoculated with virus prepara-
tions of either 20% cell-free filtrates from
leukemic tissues or undiluted cell-free peri-
toneal fluid. For the intraperitoneal route, the
mice were injected with 0.1 ml of the virus.
For the intrathymic route the needle was
inserted without incision into the tissues
above the manubrium, then gently moved in
turn to the area of the right and left thymus
lobes. Each lobe was injected with approx-
imately 0.025 ml of the virus preparation
(total, 0.05 ml).

Injections of methyelene blue dye were
made in an effort to determine the actual site
of inoculation. It was found that the thymus
lobes were generously infiltrated by the dye,
and that, with the procedure employed, the
injection regularly infiltrated the thymus.

Results. As shown in Table T (Group I),
injection of cell-free filtrates from leukemic
tissues into 2 to 5 day old C3H/Bi mice was
more efficient in the induction of leukemia
when administered intrathymically than
when given intraperitoneally. Even though
the intrathymic inoculum was only one-half
the intraperitoneal dosage, 100% of the intra-
thymically injected mice developed leuke-
mia; only 82% of mice injected intraperitone-
ally developed leukemia.

In the second series of experiments (Table
I, Group II) in which cell-free ascitic fluid
from animals carrying transplantable Gross
lymphoma was used, all the animals which
received the virus intrathymically developed
leukemia. Ninety-six percent of the mice in-
jected intraperitoneally became leukemic.

A statistically significant difference was ob-
served between the mean latent periods of
tissue filtrates injected intrathymically and
intraperitoneally (87 days versus 141 days,
respectively; Fig. 1). Significance was estab-
lished by Student’s ¢ test. Similarly, a signifi-
cant difference was found between the mean
latent periods for cell-free peritoneal fluid
inoculated intrathymically and intraperitone-
ally (94 days versus 119 days, respectively;
Fig. 1). The difference between the mean
latent periods of the groups inoculated with



TABLE I. Incidence of Leukemia, Latent Period, and Thymus Enlargement in 2- to 5-day-0ld C3H/Bi Inbred Mice by Intrathymiec and Intraperitoneal

Inoculation of Gross Passage A Virus,

Intraperitoneal route

Intrathymic route

Thymus enlargement

Thymus enlargement

Latent period (days)

Latent period (days)

Per total no.

Leukemia

Per total no.
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Leukemia

(%)

(%) Range Mean of animals

(%)
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(%)

Group
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¢ C3H/Bi mice which received virus preparation from lcukemic tissues—209 cell-free filtrate.
® C3H/Bi mice which received virus preparation from aseitic fluid—undiluted cell-free fluid.
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Fi6. 1. Mean latent periods in leukemogenesis:
Effect of Gross passage A virus inoculation of 2 to §
day old C3H/Bi mice using cell-free filtrates
from leukemic tissue (Group I) and cell-free filtrates

from peritoneal fluid (Group II).

either preparation intrathymically was not
statistically significant. However, the dif-
ference between the mean latent periods fol-
lowing intraperitoneal injection of the two
suspensions was significant suggesting that
virus in ascitic fluid is more leukemogenic
than virus from leukemic tissues. Since the
mean latent period significantly reduced fol-
lowing intrathymic injection of the virus, ir-
respective of the source, virus preparations
are now routinely administered by this meth-
od.

Using either virus preparation, bilateral
thymus enlargement occurred in more than
90% of the animals injected intrathymically
(Table I). Following intraperitoneal injec-
tions, bilateral thymus enlargement was ob-
served in 53% of the animals which received
leukemic tissue-derived virus and in 849 of
the recipients of virus suspended in ascitic
fluid. This difference is in accord with the
earlier observation that the percentage of
mice which developed leukemia was greater
when the virus used was derived from ascitic
fluid than when it was obtained from leukem-
ic tissues.

Discussion. As expected, this study showed
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that the intrathymic route of GPA virus
inoculation induced leukemia in a larger per-
centage of animals than did the intraperi-
toneal route of virus inoculation. It also
confirmed and extended previous findings
(10, 11) that intrathymic injection of virus
decreases the latent period in leukemo-
genesis. The two findings together add fur-
ther support to the hypothesis that the thy-
mus is a site for the primary virus—cell in-
teraction during leukemogenesis.

That intraperitoneal injection of GPA vi-
rus from peritoneal fluid is more effective in
leukemogenesis than intraperitoneally admin-
istered virus derived from leukemic tissues is
a provocative finding. The most obvious ex-
planation would be that the peritoneal fluid
from animals hearing ascites tumor perhaps
contains more virus than an homogenate of
the virus-induced tumor. Alternatively, the
virus may be present in a more infective
form, or it may be combined with helper
virus or tissue component that fosters infec-
tivity. That a higher rate of development of
leukemia was observed after intraperitoneal
inoculation of the virus from ascitic fluid
than after thymic inoculation of the virus
suggests that some kind of virus transport
factor ought to be implicated in the explana-
tion of these observations. Such a factor
could involve the physical state of the virus,
or its association with a tissue factor or some
other agent. Factors such as the recognition
phenomena involved in receptor mechanisms
could also, of course, account for these differ-
ences. Further investigation is needed to
clarify this phenomenon and to make possible
an evaluation of these various postulates.

Summary. Two preparations of Gross pas-
sage A virus (one from leukemic tissues and
the other from cell-free peritoneal fluid from
mice bearing transplantable Gross lymphoma
in the ascites form) were used to compare
the effectiveness of the intrathymic route of
injection with that of the intraperitoneal
route. With both preparations, the intrathym-

ic route of inoculation produced a shorter
latent period and a higher incidence of leuke-
mia than did the intraperitoneal route. These
findings further support the hypothesis that
the thymus is a site of primary virus—cell
interaction during leukemogenesis.

Intraperitoneal injection of virus from per-
itoneal fluid was more effective in leukemo-
genesis than similarly administered virus de-
rived from leukemic tssues. Several hypothe-
ses are suggested to explain this phenomenon.
It could be the result of the virus titer or a
heightened infectivity of the virus in the as-
cites form. It might also result from the com-
bination of the virus with a helper virus or
tissue components that foster infectivity. Or,
perhaps, some transport mechanism reflecting
a recognition phenomenon is involved.

1. Furth, J.,, and Furth, O. B., Amer. J. Cancer
28, 54 (1936).

2. Cole, R. K., and Furth, J., Cancer Res. 1, 957
(1941).

3. Furth, J., and Boon, M. C., Amer. Ass. Ad-
van, Sci. Res. Conf. Cancer, 129 (1945).

4. Krebs, C., Rask-Nielsen, H. C.,, and Wagner,
A., Acta. Radiol. Suppl. 10, 3 (1930).

5. Gardner, W. U, Dougherty, T. F, and
Williams, W. L., Cancer Res. 4, 73 (1944).

6. Gardner, W. U., and Dougherty, T. F., Yale J.
Biol. Med. 17, 75 (1944).

7. Kaplan, H. S,, Brown, M. B, and Paull, J,, J.
Nat. Cancer Inst. 14, 303 (1953).

8. Kaplan, H. S, and Brown, M. B, Science 119,
439 (1954).

9. Rask-Nielsen, R., Brit. J. Cancer 4, 108 (1950).

10. Rich, M. A, Siegler, R, and Clymer, R,
Nature (London) 212, 207 (1966).

11. Haran-Ghera, N., Lieberman, M., and Kaplan,
H. S., Cancer Res. 26, 438 (1966).

12. Gross, L., Proc. Soc. Exp. Biol. Med. 94, 767
(1957).

13. Mariani, T., Fed. Proc., Fed. Amer. Soc. Exp.
Biol. 28, 297 (1969).

14, Ioachim, H. L., Berwick, L., and Furth, J,
Cancer Res. 26, 803 (1966).

Received July 6, 1971. P.S.EB.M., 1971, Vol. 138.





