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Effect of Neonatal Thymectomy on Induction of Leukemia

by Virus in Rats.* (29980)

A. Kunir, A, Catr anp J. FurTH
Department of Pathology, Columbia University - Francis Delafield Hospital, New York City

Thymectomy of about one month old rats
infected with a leukemia virus in the neonatal
period reduced the lymphoid leukemia inci-
dence from 97% to 47%, and raised the
myeloid leukemia incidence from 0% to 12%
(1). It was postulated that during the first
4 to 5 weeks of life, leukemic transformation
may have occurred and that some of the
lymphoid leukemias in the virus-infected thy-
mectomized rats were derived from the cells
which had been transformed in the thymus
prior to the thymectomy and metastasized
in the other organs. In order to verify this
supposition, rats were thymectomized 1 to 3
days after birth and infected with the leuke-
mia virus on the same or next day. In these
experiments lymphoid leukemia incidence was
reduced from about 85% to about 15%, as
will now be described.

Materials and methods. These were essen-
tially the same as in the earlier study(1). As
before, pregnant Sprague-Dawley rats were
purchased from the Camm Research Institute.
The leukemia virus used here was a rat-
adapted Gross passage virus(2). A new batch
of leukemic filtrate containing the virus was
prepared from pooled thymuses of rats with
thymic lymphoma induced previously(1) ac-
cording to our standard procedures(3), frozen
in ampules and thawed as needed. Approxi-
mately two-thirds of each litter of newborn
rats were thymectomized 1 to 3 days after
birth, the rest being kept unoperated as con-
trols. The same or next day all rats were
injected intraperitoneally with 0.05 ml of
the leukemic filtrate thawed shortly before
injection. The thymectomy was done as de-
scribed by Dischler and Rudali(4).

The infectivity of a batch of the leukemic
filtrate used in these experiments was tested
in groups of 15-20 newborn rats with results
as follows: 0.05 ml of the undiluted filtrate
induced leukemia in 93.3%, 10— dilution in

* This investigation was supported by Grant C-
06215 of Nat. Cancer Inst.

78.6%, 102 dilution in 42.1% and 1073
dilution in 33.3%. Tissue culture medium
199 was used as a diluent. The surviving rats
in this experiment were sacrificed 7 months
after virus-infection. Higher dilutions were
not tested.

Nursing mothers received bread and milk
daily. The rats were weaned at 4 to 5 weeks
of age and the males and females were sepa-
rated. Rats with intercurrent infections were
given Terramycin (animal formula, Pfizer) in
the drinking water and/or injections of Bicil-
lin (Wyeth).

Some of the thymectomized virus-infected
rats were treated various ways about 2 weeks
after virus-infection in attempts to restore
sensitivity to leukemia. These preliminary
trials made on a small scale were uniformly
unsuccessful. In most of these trials Millipore®
filter (pore size 0.45 u) diffusion chambers,
either empty or containing thymus from new-
born rats were used, prepared according to
the method of Levey ef a/(5) and inserted
intraperitoneally. A small number of the thy-
mectomized virus-infected rats received either
an intraperitoneal graft of thymus from a
newborn rat or an intraperitoneal injection of
thymic lymphocytes of one-week-old rats.
The experiments were terminated 28 to 29
weeks after virus-infection, when all surviving
rats were sacrificed, carefully autopsied and
examined microscopically for leukemia.

Results. Two sets of experiments were per-
formed in succession (Tables I and II). The
number of rats that died before detection of
the first leukemia were discounted from the
total. At the end of the second week of life
18% of the unoperated virus-infected rats
were dead in Experiment I and 11% in Ex-
periment II. By the end of the Sth week the
cumulative mortality was 30% and 20% re-
spectively. There was no further increase in
mortality until the first leukemic death oc-
curred. In contrast, the cumulative mortality
of the thymectomized virus-infected rats was
45% in Exp. I and 22% in Exp. II at the
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TABLE I. Incidence of Leukemia in Thymectomized and Unoperated Virus-Infected Rats
(Experiment I).

No. of Lymphoma, Latency in days
rats No. % Mean (Range)
I TUnoperated 35 26 74.3 89 (60-185)
II Thymectomized 38 5 13.2 126 (92-160)
III Thymectomized and given:
a) Millipore chamber con- 23 2 8.7 100 (90-110)
taining thymus
b) Empty Millipore chamber 12 1(2)* 8.3 (16.6)* 120 (150)*
a) and b) combined 35 3(4)* 8.6 (11.4)*

* Figures in parentheses include one case of myeloid leukemia.

TABLE II. Incidence of Leukemia in Thymectomized and Unoperated Virus-Infected Rats
(Experiment II).

Lymphoma Latency in days
No. of
rats No. % Mean (Range)
I TUnoperated 43 40 93.0 83 ( 50-200)
ITI Thymectomized 21 4 19.0 130 (110-160)
IITI Thymectomized and given:
a) isologous thymus graft, i.p. 4 1 25.0 200
b) isologous thymocytes, i.p. 8 1 12.5 200
a) and b) combined 12 2 16.7

end of the second week of life, increasing
gradually to 65% and 40% respectively by
the 7th and 8th week of life. The various
additional treatments given at 2 weeks of age
did not change the mortality rate. A common
infection observed during the pre-leukemic
period was massive acute lobar pneumonia
with fibrinous pleurisy seen in both operated
and unoperated rats, occurring at higher fre-
quency in Exp. I than in Exp. II. Mediastinal,
pulmonary and subcutaneous abscesses at the
site of skin incision were other complications
encountered among the operated rats.
Thymectomy was incomplete in 2 rats of
Exp. I and 5 of Exp. II as indicated by de-
velopment of characteristic thymic lympho-
mas. These were counted as unoperated rats.
Neonatal thymectomy reduced the leukemia
incidence from 74.3% to 13.2%. Millipore
chamber with or without thymus lowered still
further this incidence (Table I); however,
only few presumably ‘“living” cells were seen
in section of thymuses in these chambers.
All but one leukemia of this series was lymph-
oid. A myeloid chloroleukemia occurred in
a rat that was thymectomized, virus-infected,
and given an empty Millipore chamber. The
lower than usual incidence of leukemia in un-

operated virus-infected rats in Exp. I (74.3%
v5 93.0% in Exp. II and 93.3% in the titra-
tion test) can be explained by the relatively
high frequency of intercurrent infections,
mostly pneumonia. It has been shown earlier
that pneumonia and other diseases associated
with involution of the thymus lower the leu-
kemia incidence(6).

Experiment II (Table II) confirmed the
results of Exp. I. The incidence of leukemia
was higher than in Exp. I in both thymecto-
mized (19% vs 13.2%) and unoperated vi-
rus-infected rats (93.0% wvs 74.3%). The
number of rats with thymus graft is small
but the findings agree with studies reported
by others in mice (cf. 6). A similar study is
now being carried out on a larger scale in at-
tempts to restore sensitivity of thymecto-
mized rats to leukemia.

Fig. 1 and 2 show the time table of leuke-
mia development in Exp. I and II.

Discussion. The experiments described
here support the idea that leukemic transfor-
mation of cells begins soon after virus-infec-
tion and that many leukemias occurring in
rats thymectomized several weeks after virus-
infection may have originated in neoplastic
cells which escaped from the thymus before
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FIG. 1. Cumulative development of leukemia in unoperated and thymectomized virus-in-
fected rats in Experiment I. The number along the curve indicates number of rats with leu-

kemia.

FIG. 2. Cumulative development of leukemia in unoperated and thymectomized virus-in-
fected rats in Experiment II. The number along the curve indicates cumulative number of rats

with leukemia.

thymectomy. In the spontaneous leukemias
of the AK mice, from which this virus origi-
nates, thymectomy performed at about 6
weeks of age causes a decrease in leukemia
incidence(6) as profound as achieved only
by neonatal thymectomy in rats and mice in-
fected with the passage virus. It follows
from this and experiments of others(6) that
the time and frequency of leukemic transfor-
mation depends on the virulence and/or con-
centration of the virus. (There are no studies
on record to distinguish clearly between viru-
lence and concentration-effect of leukemia vi-
rus.) Electron microscopic study suggests
that the high virulence of this passage virus
is associated with abundance of virus(2).
The present experiments also support the
idea that this virus can induce leukemias in
hemopoietic cells other than thymic lympho-
cytes. (The thymectomy was performed be-
fore virus-infection.) The possibility that in
thymectomized rats with non-thymic lympho-
mas there was ectopic thymic tissue some-
where in the body(7) cannot be excluded al-
though careful autopsies disclosed none. Ear-
lier experiments indicate that the virus per-
sists in thymectomized hosts, and that their
offspring are just as liable to leukemias as

those of non-thymectomized parents(8).
Thus the thymic factor, yet to be identified,
is merely a promoter. Conclusive evidence is
still lacking that this thymic non-cellular fac-
tor is a hormone, as supposed by some. At-
tempts to demonstrate a leukemogenic capac-
ity in cell-free thymic extracts(9,10) have
thus far been inconclusive as was an attempt
to induce leukemia by means of parabiosis of
a thymectomized with a non-thymectomized
AK mouse(11). In the present experiment
thymuses enclosed in the Millipore chambers
failed to restore sensitivity to leukemia. Since
the thymus grafts in these chambers became
almost entirely necrotic, this experiment does
not invalidate the work of others who noted
restoration of immunologic capacity by Mil-
lipore filter chamber in which the thymus
survived (7).

The present experiments also suggest that
the stress factor(6), which is known to oper-
ate by ACTH mediated cortisone discharge,
causing atrophy of the thymus, also func-
tions in thymectomized animals, i.e., it causes
a reduction of non-thymic lymphomas. Such
an effect is to be expected since glucocorti-
coids are generally lymphocytocidal although
the thymus is their most sensitive target.
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However, the available data are merely sug-
gestive and further experiments are needed
to prove this supposition. If this hypothesis
is correct, adrenalectomy (with substitution
for lack of mineral corticoids) should in-
crease the incidence of non-thymic lympho-
mas in neonatally thymectomized hosts.

The incidence of myeloid leukemias was
markedly increased by thymectomy in our
earlier experiment(1) and in those by Gross
(12). In the present experiment only one case
of myeloid leukemia was found in 106 thy-
mectomized virus-infected rats. It occurred
in a thymectomized rat with an implanted
empty Millipore chamber. The lower inci-
dence of myeloid leukemia in the present ex-
periment (less than 19%) compared with 129
in our earlier experiment(1) is puzzling. We
expected a higher incidence because more
rats escaped early deaths from non-thymic
lymphomas (cf. 6). Failure of thymectomized
rats to develop myeloid leukemia in the pres-
ent experiments may be explained by low
concentration of the virus. The thymus is a
favored organ for replication of the virus(2).
If so, neonatal thymectomy prior to virus-
infection as done in the present experiments,
eliminates this effect of thymus and neo-
natally thymectomized rats might be ex-
pected to have less virus than rats infected
with virus first and thymectomized one month
later.

Summary. 1. Neonatal thymectomy re-
duced the induction rate of leukemia by vi-
rus from 74.3% to 13.2% in one experiment
and from 93.0% to 19.0% in another. 2.
This indicates that many non-thymic lym-
phomas occurring in rats thymectomized one
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month after virus-infection(1) originated in
cells which have been transformed in the thy-
mus and seeded in other lymphoid organs
prior to thymectomy. 3. The data also sug-
gest a) that non-thymic lymphomas may be
induced by the virus and b) that stressful
agents which cause corticoid discharge might
lower not only the incidence of the thymic,
but also the non-thymic lymphomas.
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DeLuca and Miss Janice Williams.
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A variety of inoculation methods have been
used in previous volunteer studies with res-
piratory viruses(1). While these studies often

resulted in virus infection and illness, they
were limited by the uncertainty regarding the
location and dose of virus delivered to the



