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(@) 27 intact B10.Thy 1.2 mice which were irradiated similarly
(Group 2, positive control) and (b) 21 thymectomized, fractionally
irradiated B10.Thy 1.2 mice which were not grafted with the
thymuses (Group 3, negative control). Cumulative lymphoid tu-
mor incidence curves for these 3 groups of mice are shown in
Chart 2A. They show that in Group 1 the lymphoid tumors began
to occur at about the same time as did those in Group 2, although
the final incidence was significantly lower in the former. Thus, 37
of 91 test mice (40%) had developed frank lymphomas by 270
days after thymus grafting in Group 1 in contrast to 96.3% (26
of 27) in Group 2. Only one of 21 mice (4.7%) developed
lymphomas in Group 3.

Twenty-eight of 37 lymphomas developed in the grafted thy-
muses of Group 1 mice were typed individually with respect to
Thy 1 alloantigens by the cytotoxicity assay using monocional
anti-Thy 1.1 and anti-Thy 1.2 antibodies. The results, shown in
Chart 28, indicate that 21 thymic lymphomas (75%) had arisen
from the cells of the nonirradiated thymus grafts and 5 tumors
(17.9%) from cells of the irradiated hosts. Two thymic lymphomas
(7.1%) manifested no Thy 1 antigens. it may be added that the
tumors recovered from mesenteric lymph nodes of these animals
were also typed at the same time to determine if they had
metastasized from the primary tumors developed in the thymus
grafts. The results indicated that they all manifested the same
Thy 1 antigens as did the lymphomas recovered from the thymus
grafts. From these results and histological examinations (data
not presented), it was concluded that all of the lymphomas
developed in the thymic grafts had invaded the mesenteric lymph
nodes and surrounding tissues. We may also note that the thymic
lymphomas, regardless of their genetic origin, occurred during
140 to 350 days after irradiation and thymus grafting (Chart 28)
and that the tumors from the thymus grafts manifested a large
variation in weight, ranging from 8 to 2725 mg (Chart 2C).

Test for Autonomy of Tumors by Transplantation. Autonomy
of each tumor was tested by its capacity to grow successfully
following i.p. transplantation into normal adult B10 mice mani-
festing opposite Thy 1 alloantigens. Transplanted tumors from
each first-passage generation were typed again with respect to
Thy 1 alloantigens to reconfirm their genetic origins. It was shown
that all tumor cells proliferated successfully in normal adults and
invaded mesenteric as well as other peripheral lymph nodes and
surrounding tissues, with survival times ranging from 1 to 2.5
months after transplantation. Results of the typing of Thy 1
alloantigens indicated that in all cases the cells from the enlarged
mesenteric lymph nodes had the same Thy 1 alloantigens as did
the tumors transplanted.

Chromosome Analysis. Ten different tumors originated from
the nonirradiated thymus grafts, and 2 tumors derived from cells
of the irradiated hosts were examined for the existence of
chromosome aberrations by using tumor cells from the first-
passage generation. Chromosome number distributions among
these cell lines are shown in Table 1. They show clearly that,
except for Tumor 12, which had a normal karyotype, all cases
had a varying proportion of cells with additional chromosomes.
Six cases (Tumors 2, 5, 6, 8, 10, and 11) had a significant
proportion of cells with chromosome numbers in the tetraploid
range. Two cases (Tumors 3 and 8) had cells with chromosome
numbers in the hypotriploid range. An excessive number of
chromosome 15, which is known to be characteristic for mouse
thymomas (4), was found in some (Tumors 4 and 9) but not in
all cases (Fig. 1). Moreover, highly condensed chromosomes,
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Chart2. Cumulative incidence curves of lymphoid tumors and weights of im-
planted thymuses. A, cumulative tumor incidence curves for Group 1, 2, and 3
mice. In Group 1, B10.Thy 1.2 mice were thymectomized (7x) at the age of 33 + 3
days. Beginning at 5 days afterwards, 4 whole-body doses of 170 R (170RX4)
each were given at 8-day intervals. Whole thymus glands from 7- + 2-day-old
normal B10.Thy 1.1 donor mice were implanted s.c. at the right chest portion within
3 hr after the last irradiation. In Group 2, intact B10.Thy 1.2 mice received 4 whole-
body doses of 170 R each, beginning at 33 + 3 days of age, at 8-day intervals. In
Group 3, B10.Thy 1.2 mice were treated as in Group 1 but were not grafted with
thymuses. 8, cumulative tumor incidence curves for 28 of 37 Group 1 mice which
were successfully typed with respect to Thy 1 alloantigens. a, Thy 1.1-type thymic
lymphomas which arose from the lymphoid precursor celis of the noniradiated
thymus grafts; b, Thy12-typethymclyn¢muaswudmarosemmecelsof
the irradiated hosts; ¢, Thy 1-negative lymphomas. C, weights of implanted thy-
muses at the time of sacrifice. O, Thy 1.1 donor type; ®, Thy 1.2 recipient type.

which are known as c-mitotic chromosomes (17) and are difficult
to distinguish from each other, were found in a number of cells
with abnormal karyotype (Fig. 2).

DISCUSSION

We have presented evidence for the mixed-lymphocyte reac-
tivity of thymus cells of 11-day-old C57BL /6 mice against BEC3F,
stimulator cells in vitro (Chart 1A), which suggested that if mature
T-cells had migrated out of the grafted thymus into circulation of
the irradiated F, recipients (9) they could mount a GVH reaction,
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Table 1
Distribution of chromosome numbers among leukemic cells

No. of Chromosome no. distribution in celis
Originof  cells ex-

Tumor tumor amined 40 41 42 43 44 50 51 52 53 54 55 56 57 71 72 73 75 76 77 78 79 80 81 82 86 89 90
1 Donor 44 4 2 38

2 Donor 27 20 3 1 2 1

3 Donor 56 3 8 7 24 6 6 1 1

4 Donor 37 1 2 34

5 Donor 50 14 7 7 2 2

6 Donor 50 41 3 1 1 1 1 1 1

7 Donor 46 39 4 2 1

8 Donor 55 45 2 1 2 1 2 1 1

9 Donor 25 1 8 14 2

10 Donor 5 1 1 2 1

1 Host 50 20 4 1 1 4 3 3 2 1 2 1 1 1 1 3 2
12 Host 50

which is often equated with MLR in vitro (41). It is known that
endogenous leukemia viruses are activated during early phases
of a GVH reaction (19-21, 42) and cause a development of
lymphomas (20, 42). It is also known that similar virus particles
bud from transformed lymphocytes following MLR in vitro (1,
21). Thus, we thought that a possible involvement of GVH
reaction-induced leukemia viruses could not be completely ex-
cluded in the type of experiments described by Kaplan and others
(2, 16, 27, 30, 31). However, even if these experimental systems
did contain such an immunological drawback, we thought that
the implication of Kaplan's original finding was so important
when one attempts to explore the fundamental mechanisms of
radiation leukemogenesis in mice, that it should be reconfirmed
by using a system which does not introduce any immunological
problems. This is why we repeated this experiment with B10(Thy
1.2) and its Thy 1 congenic (B10.Thy 1.1) mouse strain, which
was established in this laboratory for this particular purpose. The
results reported in this paper indicated conclusively that lymphoid
precursor cells present in the nonirradiated thymus grafts can
indeed develop into lymphomas under the influence of the irra-
diated hosts, indicating that Kaplan's original finding was not an
immunological artifact resulting from the activation of leukemo-
geneic viruses by a putative GVH reaction. Thus, it is now safe
to conclude that leukemic cells can develop from nonirradiated
precursor cells under the influence of irradiated host tissues,
strongly reinforcing a view that some kind of indirect action from
the irradiated hosts is involved during the course of radiation
leukemogenesis in mice. This means that we can start anew
toward a search for the agent(s) responsible for this indirect
action of radiation on leukemogenesis, in spite of the reported
evidence against this view (22, 23, 36). One of the major ques-
tions to be resolved is the relation of a putative transmissible
agent, which is considered to be responsible for the development
of primary radiogenic leukemia (13), to the radiation leukemia
virus, which can be isolated from established thymic lymphomas
(32).

The results reported in this paper also show that most, if not
all, of the lymphoma cells, including those originating from both
nonirradiated thymus grafts and irradiated hosts, possessed
aberrations of the chromosome complements. These aberrations
are mainly numerical changes of some chromosomes, such as
chromosome 15, or polyploidizations (Table 1; Fig. 1). Moreover,
highly condensed chromosomes, which are known to appear
frequently at early stages of infection with certain viruses (17),
were found in a number of metaphases (Fig. 2). This observation
also favors a view that interaction between the susceptible
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lymphoid target cells of the regenerating thymus and leukemo-
genic agents induced by radiation is an important step for the
development of radiogenic lymphomas.
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Fig. 1. Q-banded karotype from Tumor 3. M, marker chromosome the origin of which is not clear.

Fig. 2. c-mitotic chromosomes from Tumor 3.
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