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Hematopoietic stem cells migrate from the 
bone marrow to the thymus, spleen, and 
lymph nodes ( l ) ,  and small lymphocytes in 
the thoracic duct circulate among lymphoid 
organs ( 2, 3 ) . Cytological techniques have 
greatly facilitated the study of cell migration. 
Experiments with radiation chimeras (4, 5) 
indicated that bone marrows, spleens, and 
thymuses of the irradiated hosts are all 
recolonized almost exclusively by descendents 
of injected bone-marrow cells. Studies with 
parabionts showed that there is an extensive 
exchange of cells between the two members of 
each pair (6, 7). Experiments with thymus 
grafts demonstrated that cells migrate both 
into and out of thymus grafts ( 8-12). 

In  the present paper we report the abilities 
of donor bone-marrow and spleen cells to 
proliferate in the bone marrows and spleens 
of irradiated and unirradiated hosts. 

Materials and Methods. Male CBA/H and 
CBA/HTsTe mice, 8 to 9 weeks old, were 
obtained from the inbred colonies a t  the 
Springville Laboratories. Chromosome analy- 
sis was performed according to the methods 
previously described ( 13). Two hr after in- 
jection of 0.3 ml of 0.04% Colcemid, the 
animals were sacrificed, and their spleens 
were removed. Bone marrows were flushed 
out with 1% sodium citrate solution. The 
spleens were teased in 1% sodium citrate 
solution warmed at 3 7 O ,  and suspensions were 
fixed with chilled acetic methanol for 1 hr. 
Several drops of each cell suspension were 
placed on a separate slide, which was then 

1 This study was supported by General Research 
Support Grant FR-05648-03 from the National Insti- 
tutes of Heal,th, U.S. Public Health Service. 

dried over a flame. Slides were subjected to 
Giemsa staining. 

Results. Unirradiated and irradiated 
CBA/H mice were each given an injection of 
1 X lo7 CBA/HT6Ts spleen cells, and the 
numbers of cells with the chromosome mark- 
er in the spleen were scored. Table I indi- 
cates the results. Few donor cells were found 
in host spleens if the hosts were unirradiated, 
but more than 90% of the dividing cells in 
the host spleens were of donor origin at  day 
10 if the hosts had received 400 to 800 R of 
whole-body irradiation. On day 15, the per- 
centage of dividing cells with the T6Tg chro- 
mosome marker in host spleens averaged 
29.3% after 400 R ;  42.9% after 600 R; and 
91.7% after 800 R. Some of the mice that had 
received 800 R died by day 20. 

Table I1 shows the results of injecting 1 X 
lo7 CBA/HT6Ts spleen cells into irradiated 
CBA/H mice and scoring the percentages of 
donor-type cells in the bone marrows of the 
hosts. Percentages of donor-type cells on days 
10 and 15 were less than 10% in the bone 
marrows of hosts that had received 400 or 
600 R of whole-body irradiation. At day 15, 
the percentage of donor-type cells in the bone 
marrow was about lo%, still far lower than 
that in the spleen (Table I). Increasing the 
radiation dose to 800 R increased the percent- 
age of donor-type cells in the bone marrow, 
but some of the mice died in less than 20 
days. 

Table I11 shows the effects of giving host 
CBA/H mice 400 to 800 R of X radiation 
and 1 )( lo7 CBA/HTsTs bone-marrow 
cells. Unlike the situation represented in Ta- 
ble 11, more than 90% of the dividing cells 
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TARIIE T. Colls of Host and Donor Types in  Samples Taken from Host Spleens After Injection of 1 X 
l o 7  CBA/HT,T, Spleen Cells into Unirrsdiated and Irradiated CBA/H Mice. 

Types of celb in host spleens on day of sacrificeb 

Day 8 Day 10 Day 15 
Radj stion 
dose (R)" Series Host Donor (%) Host Donor (%) Host Donor (%) 

0 1 
2 
3 

400 1 
2 
3 
4 

800 1 
2 
3 

800 1 
2 

100 0 (0) 103 2 
102 0 (0) 100 0 
100 1 (1) 100 0 

56 24 (30.0) 9 80 
11 28 (71.8) 6 76 

13 8 1  
50 40 (44.4) 7 72 

3 40 
0 40 
0 34 

0 50 
0 50 

70 2 
90 2 
85 1 

88 26 
57 33 
68 27 

51 29 
43 32 
26 26 

6 47 
3 52 

(2.8) 
(2-2) 
(1.2) 

(22.8) 
(36.7) 
(28.4) 

(36.2) 
(42.7) 
(50.0) 

(88.7) 
(94.6) 

" Whole-body irradiation. 
The number listed for each type of cell was the number of that type in the sample. Day 0 was the 

day of irradiation. 

in the bone marrows of the hosts were of 
donor origin at day 10 after 400 R of whole- 
body irradiation. More than 70% of the di- 
viding cells in the bone marrow were of donor 
origin 15 days after 400 R. Increasing the 
radiation dose to 600 R or more resulted in 
exclusive proliferation of donor-type cells in 
the bone marrows of the hosts on days 10 
and 15. (The majority of the dividing cells in 

the bone marrow continued to be of the 
donor type for more than 1 month.) Mice 
that which received 800 R of whole-body 
irradiation and 1 X lo7 bone-marrow cells 
seldom died early, but survived more than a 
year. 

Discussion. Table I indicates that increas- 
ing the radiation dose given to the hosts 
increases the percentage of donor-type spleen 

TABLE 11. Cells of Host and Donor Types in  Samples Taken from Host Bone Marrow After Injection 
of 1 X lo7  CBA/HT,T, Spleen Cells into Trmcliated CBA/H Mice. 

Types of cells in hornst bone iiiarro~v on clay of sacrificeb 

Day 10 Day 15 Day 18 
Radiation 
doee (R)" Series Host Donor (%) Host Doimr (%) Host Donor (%) 

400 

600 

800 

1 
2 
3 

1 
2 
3 

1 
2 
3 

56 2 
50 4 
90 8 

90 4 
40 3 
45 7 

0 50 
0 50 

107 9 
95 7 
63 5 

32 4 
33 3 
34 4 

(i 50 
II 50 

100 30 (23.1) 
(6.8) 100 1 2  (10.7) 
(7.7) 

(7.3) 

(11.1) 50 1 (1.9) 
(8.3) 52 15 (22.3) 

(10.5) 

(89.2) 12 50 (80.6) 
(81.9) 10 50 (83.3) 

3 50 (94.3) 

a h  Footnotes a.s in  Table I. 
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TABLE 111. Cells of Host and Donor Types in Samples Taken from Hmt Bone Marrow After 
Injection of 1 X lo' CBA/HT,T, Bone-Marrow Cells into 'Irradiated CBA/H Mice. 

Types of cells in host bone marrow on day of sacrificeb 

Day 10 Day 15 
Radiation dose 

(R) Series Host Donor (%) Hoat Donor (%I 
400 ' 1 

2 
3 

600 1 
2 
3 
4 

800 

2 
6 

0 
0 
0 
0 

0 
0 
0 
0 

60 
63 

50 
50 
50 
50 

50 
50 
50 
50 

32 
38 
16 

0 
0 
2 
1 

0 
0 
0 
1 

63 
6 4  
75 

50 
50 
50 
50 

50 
50 
50 
50 

ab Footnotes 2s in Table I. 

cells in the spleens of the hosts. Thus sup- 
pression of the division of host spleen cells by 
irradiation brings about a larger percentage 
of dividing donor spleen cells in host spleens. 

Table I1 demonstrates that less than 10% 
of the dividing cells in the host bone marrows 
were of the donor type after spleen cells 
were injected into irradiated hosts. This ex- 
periment indicates that injected spleen cells 
do not proliferate well in the bone marrows 
of hosts exposed to 400 or 600 R of irradia- 
tion. Increasing the radiation dose of 800 R 
almost completely suppressed host mitosis, 
resulting in a majority of donor dividing cells 
in the bone marrow. 

On the other hand Table I11 indicates that 
injection of bone-marrow cells subsequent to 
irradiation resulted in exclusive proliferation 
of donor-type cells in the host marrows (and 
spleens) on days 10 and 15. The difference 
between bone-marrow cells and spleen cells in 
this regard may be due to a difference be- 
tween the dividing capacities of these two 
kinds of cells. 

Bennett and Cudkowicz (14) reported that 
the size of the pool of stem cells relative to 
the pool of precursor cells is much greater in 
the bone marrow than in the spleen in adult 
mice. The greater dividing capacity of bone- 
marrow cells may thus be related to the 
greater size of the pool of stem cells in the 

bone marrow. In  addition, stem cells are pro- 
duced more rapidly in the bone marrow. 

The present results can be explained by 
the assumption that the division of hemato- 
poietic cells is largely regulated by the other 
dividing cells that surround them. According- 
ly, bone-marrow or spleen cells injected into 
unirradiated hosts did not proliferate in the 
bone marrow or spleen in the hosts because 
of a regulatory barrier imposed by the divid- 
ing host cells. Likewise, bone-marrow or 
spleen cells injected into irradiated hosts di- 
vided and proliferated in the host organs, but 
suppression of the mitosis of host cells by 
donor spleen cells was not great enough to 
result in exclusive proliferation of donor 
spleen cells in the spleens of the hosts, and 
host spleen cells started to divide by day 15. 
Furthermore, bone-marrow cells injected into 
hosts irradiated with 400 R completely sup- 
pressed the mitotic capacity of the hosts, 
which would have returned to normal by day 
10 after irradiation if the bone-marrow cells 
had not been injected (13).  Finally, spleen 
cells injected into mice irradiated with 400 or 
600 R did not proliferate well in the bone 
marrow of the hosts, possibly because irradi- 
ated host marrow cells still maintained in the 
bone marrow a strong regulatory barrier for 
the division of donor spleen cells, which did 
not have as great mitotic capacity as did the 
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injected bone-marrow cells. 
Feedback regulation of mitosis imposed by 

currently dividing cells over the surrounding 
cells may be very important in keeping the 
cell population constant. Impairment of this 
mechanism could result in unlimited cell pro- 
liferation. 

I n  the irradiated animals, space was made 
available by the destruction of the host mar- 
row, so that donor cells could lodge and di- 
vide in the marrow. This being the case, 
proliferation of donor marrow cells may re- 
sult in filling most of the space in the marrow 
with donor marrow cells, so that the host 
marrow cells cannot proliferate. The differ- 
ence between the results produced by injec- 
tion of marrow cells and spleen cells may be 
due to a difference between the rates of pro- 
liferation of these two kinds of cells, and thus 
a slow proliferation of injected spleen cells 
allows the host marrow cells to proliferate. 
Since the spleen enlarges after irradiaiton, 
space should be available for host spleen 
cells to divide in the spleen following irradia- 
tion with 400 or 600 R, regardless of whether 
donor marrow cells or spleen cells are divid- 
ing. The results of the present study indicate 
that injected spleen cells initially settled and 
divided in the host spleen, but were soon 
replaced with host cells, whereas injected 
marrow cells continued to comprise the ma- 
jority of the dividing cells in the spleen for 
more than a month, and suppressed the divi- 
sion of host spleen cells. Under the circum- 
stances, i t  seems likely that both feedback 
mechanisms and availability of space regu- 
late proliferation of injected cells. 

A study involving parabiosis (6) revealed 
that chromosomally marked cells slowly pen- 
etrate into the unlabeled marrow. This 
finding may indicate that stem cells migrate 
not only from the marrow to the peripheral 
hematopoietic organs, but also from one 
region of the marrow to another. Stem cells 
engaging in the latter type of migration start 
to divide wherever the regulatory barrier 
imposed by the local dividing cells is not too 
great. Since stem cells are not likely to be 
evenly distributed in the marrow, it seems 
probable that there are always sites where 
few actively dividing cells are present, and 
hence immimant cells can alwavs divide. 

Summary. CBA/HTsTs spleen or bone- 
marrow cells were injected into unirradiated 
or irradiated CBAJH mice, and the percent- 
ages of donor-type cells in the spleen and 
the bone marrow were scored a t  various inter- 
vals after irradiation. 

When CBA/HTsTs spleen or bone- 
marrow cells were injected iinto unirradiated 
CBA/H hosts, a few donor cells were found 
in the bone marrows and spleens of the hosts. 
When CBA/HT6Ts bone-marrow cells were 
injected into CBA/H mice irradiated with 
400 R, more than 90% of the dividing cells 
in the bone marrow were of donor origin at  
day 10, and more than 70% were still of 
donor origin at  day 15. Increasing the radia- 
tion dose to 600 or 800 R resulted in exclu- 
sive proliferation of donor cells in the bone 
marrow at  days 10 and 15. When CBA/HTs 
TB spleen cells were injected into CBA/H mice 
irradiated with 400 or 600 R, more than 90% 
of the dividing cells in the host spleens were of 
donor origin a t  day 10, but most of the donor 
cells were replaced with host cells by day 
15. Increasing the radiation dose to 800 R 
resulted in a higher percentage of donor- 
type cells in the spleens at  day 15, but 
some of the mice died by day 18. When 
CBA/HT6T6 spleen cells were injected into 
CBA/H irradiated with 400 or 600 R, less 
than 10% of the dividing cells in the bone 
marrow were of donor origin at  days 10 and 
15. Increasing the radiation dose resulted in 
dividing cells mainly of donor origin in the 
bone marrow at days 10 and 15, but some mice 
died by day 18. 

These results suggest that stem cells com- 
pete with one another in mitosis, and that 
division of stem cells is largely regulated by 
that of other dividing cells. 

The authors are grateful to R. Church and P. M. 
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