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DISTRIBUTION OF COLONY-FORMING CELLS
IN THE BONE MARROW AND SPLEEN
OF IRRADIATED MICE

V. N. Shvets UDC 612,411 +612.419],014.2.014.482

Two hours after transplantation of 2 x 10° bone marrow cells, 1.7-2.8% and 14-16% of colony-
forming units (CFU) were retained respectively in the femoral bone marrow and spleen of the
recipients. After 24 h, 1-2% and 21-26% of CFU respectively remained in these organs. If2.5x
108-1.7 x 107 bone marrow cells were transplanted, the fraction f in the bone marrow and spleen
of the recipients (under saturation conditions) was unchanged during the 24-h period. The value
for CFU settling in the spleen was 20-22%, whereas for CFU settling in the femoral marrow the
value of f was 2.4-2.7%. It is postulated that the same number of CFU settles in the whole
volume of the bone marrow as in the whole spleen. The total number of CFU settling in the
spleen and in the whole volume of the bone marrow averages 40-50%. The fate of the remaining
CFU is unknown.
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Bone marrow cells contain colony-forming units (CFU) which, if transplanted into lethally irradiated reci-
pients, settle in the spleen, proliferate, and form cell colonies [10]. Fraction f of the injected CFU, which
settles inthe recipients' spleen, can be measured by the retransplantation method [9].

Several workers [5, 7-9] have shown that 17-25% of CFU of the total number transfused are retained in
the spleen. By the method of "spleen® colonies it is possible to determine the value of f for CFU settling in
the spleen. However, the value of f in other regions of hematopoietic tissue, such as in bone marrow, has so
far received little study.

The object of this investigation was to determine the value of f for CFU settling in the femoral bone
marrow and spleen after transplantation of different numbers of bone marrow cells and in relation tothe time
between injection and retransplantation of the cells.

EXPERIMENTAL METHOD

The method of isolating fraction f of the injected CFU, which settles in the spleen and produces colonies,
was introduced by Siminovitch et al. [9]. The method includes retransplantation of spleen or bone marrow cells
of the primary recipient, into which the test cells were injected, into the secondary, irradiated recipient. The
number of cell colonies in the spleen or bone marrow of the secondary recipient is counted on the 9th day. The
fraction f can be represented as follows:

N,
f=—NE1—><100%,

i.e., as the ratio between the number of CFU (N,;) settling in the organ of the secondary recipient and actually
forming colonies, and the number of CFU (N;) found in the primary transfusion material and taken as 100%.

A review of examples of calculation of the value of f is given in {9]. The value of f was determined by two
methods, based on the fact that during transplantation of the test cells they settle in the spleen and in the medul-
lary cavity of the femur, where they form cell colonies. Recording colonies in the spleen or in the femur has
been named the method of "splenic" and of "bone-marrow" colonies, respectively.
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TABLE 1. Value of f for CFU of Bone Marrow
Settling in Medullary Cavity of Femur (in%)

Number of bone -Tfime (in h) Fraction f
marrow cells of rerans-
transplanted intofplantation of gfe;ho@ ({f géeg;f?n ‘;1;
ist reciient  [bone marrow | SP™C
cells into |colonies™ | row colo-
2nd recipient mes
2X10° 2 26 4,0
2ot 2 2,2 3.5
2X10% 24 1,0 2.0
2% 10° 24 1.0 20
2,5% 108 9 17 24
1,7X107 2 2.4 2,5
3,35% 108 24 13 5
1,7X107 24 2,0 24

TABLE 2. Value of f for CFU of Bone Marrow
Settling in Spleen (the "splenic" colonies method)

Number of bone Tlmel(m I) of ref—
marrow cells transplantation o; : s
tramsplanted into bone marrow cells| Fraction f (in %)
1st recipient into 2nd recipient
2X10° 2 16
2X.08 2 15
2X 103 4 14
2103 6 24
2X 103 24 22
2x10% 24 21
2,6X10¢ 2 22
4,5X10% 2 20
1,7X 107 2 21
3,25 108 24 21
1,7x107 24 22

In the present experiments the value of f was determined by a modification of the method suggested by
Siminovitch et al. [9]. Different numbers of isologous bone marrow cells of intact animals were injected intra-
venously into lethally irradiated (1000 R, ¥'Cs y-rays, dose rate 37 R/min) (CBA x C57BL)F, mice 24 h after
irradiation. The spleen and femoral marrow were removed from the (intermediate) recipients 2-24 h after in-
jection of the cells. A known number of cells was injected intravenously into the second (final) recipient, pre-
viously irradiated in a dose of 950 R, so as to determine the number of colonies formed in the spleen and bone
marrow on the 9th day. The method of histological analysis of the material was described earlier [3}.

EXPERIMENTAL RESULTS

values of f for CFU settling in the bone marrow are given in Table 1. Clearly 2 h after transplantation
of 2 x 10° bone marrow cells, 2.2-2.6% of CFU discovered by the method of "splenic® colonies and 3.5-4% tested
by the method of counting colonies in the femoral marrow had settled in the recipients' femur. The number of
CFUs found by both methods 24 h after transplantation of the same number of cells into the femur was 1-2%.
Conversely, during the first 2-4 h 14-16% of the total number of CFU injected was retained in the recipients’
spleen. After 6 h and until the end of the 1st day the number of CFU settling in that organ increased to 21-26%
(Table 2).

During the first few hours after injection of a small number of CFU, most of these cells enter the bone
marrow and fewer the spleen. Later the number of CFU in the marrow decreases, whereas the number in the
spleen increases. This distribution of the number of CFU in different parts of the hematopoietic tissue is evi-
dently determined by their migration. The effect of repopulation of stem cells from the bone marrow and spleen
is well documented [1, 4]. A somewhat different character of distribution of CFU in different parts of the
hematopoietic tissue was found after transplantation of 2.5 x 10-1.7 x 107 cells. In that case the value of f was
unchanged during the 24 h in both the bone marrow and the spleen (Tables 1 and 2); this result evidently de-
pended on the saturation effect.
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The experimental results show that only one tenth as many CFU settle in the femoral marrow of lethally
irradiated primary recipients as in the spleen. Remembering that the volume of the femoral marrow is 10%
of the total volume of marrow in the body, this means that the same number of CFU settles in the whole marrow
as in the whole spleen. The total number of CFU settling in the spleen and in the whole volume of the bone
marrow averages 40-50%. The fate of the remaining CFU is upknown. After transplantation of a smaller num-
ber of cells {2 x 10°) the distribution of CFU in different parts of the hematopoietic tissue is unequal, whereas '
after injection of a large number of cells these differences are smoothed out because of the rapid saturation of
the body with stem cells.

Several workers have shown that after transplantation of 2 x 10° to 2 x 107 bone marrow cells the value of
f for CFU settling in the spleen 2 h after injection of the cells is 0.13-0.25 [5-9, 11], with 2 mean value of 0.2
(20%). The value of f obtained in the present experiments with transplantation of the same numbers of bone
marrow cells was indistinguishable from the figures given by the authors cited above: The mean value of / was
0.21 (21%). The value of f for CFU settling in the whole volume of bone marrow did not differ significantly
from that for CFU settling in the spleen. The available data indicate the absence of affinity of CFU for either
organ and they are in agreement with the results obtained by other workers [2]. At the same time, it must be
pointed out that after transplantation of a small number of cells organ-specific affinity of the CFU is exhibited,
but it evidently cannot be detected under saturation conditions.
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