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Colony promoting activity and its target ‘pre-CFUc’ in genetically anemic mice of W/ W genotype!
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Summary. Incubation of bone marrow cells with supernatant from long-term cultures of bone marrow cells increases the
number of granulocyte-macrophage progenitor cells. This study reveals the presence of target cells of the colony promoting
activity (CPA) in W/ W* mouse marrow. It is also shown that CPA does not stimulate erythroid colony formation in vitro.

Supernatants of long-term bone marrow cultures contain
colony promoting activity (CPA)>°. Incubation of murine
bone marrow cells with CPA increases the number of
granulocyte-macrophage progenitor cells (CFUc)?, but fur-
ther differentiation of CFUc to granulocytes and/or macro-
phages requires colony stimulating activity (CSA)>® thus
indicating that the target cell of CPA is a population
younger than CFUc. Although supernatant with CPA activ-
ity is suppressive to proliferation of pluripotent stem cells
(CFUs)y’, a subpopulation of CFUs may be one of the
target cells of CPA. Increase in the number of CFUc in W/
W’ marrow cells in response to CPA would indicate that
cells other than CFUs are the targets of CPA, since W/W”
mice are depleted of genuine CFUs*>, We found that such
target cells did exist in these mice, and also showed an
elevated activity of CPA in the supernatant of the long-
term cultures of W/ W’ marrow cells.

Materials and method. Mice of the strain WBB6F (WB-W//
+ X C57BL/6-W"/+) F,-W/W" were obtained from Jack-
son Laboratory, Bar Harbor, Maine. Bone marrow cells
from W/W" and from their littermate (+ /4 ) mice were
cultured as reported previously®?®. Cells from femur and
tibia of a 4+ /4 mouse were flushed directly into a culture
flask (Falcon 3024, USA) in 10 ml Fischer’s medium
supplemented with 20% horse serum (Pel Freeze Biol.,
USA), antibiotics and 1077 M hydrocortisone sodium
phosphate, and cultures were maintained at 37°C in 5%
CO, in humidified air. One half of the growth medium was
replaced with the same volume of fresh growth medium at
weekly intervals. Three weeks later, freshly harvested bone
marrow cells were added at a concentration of 5 x 10° cells/

Table 1. Effects of CPA on granulocyte/macrophage colony
formation by bone marrow cells from +/+ and W/ W mice

No. of colonies/10° cells

+/+ marrow W/WY marrow
CSA alone* 128.1+10.3 133.3+6.3
CSA + CPA™* 201.0+ 5.8 219.5+£3.3
Ratio (CPA+/CPA™) 1.57 1.65
CPA alone (50%) 0 0

Bone marrow cells were incubated in semi-solid agar cultures
with or without CPA. Gross average of triplicate experiments.
*Mouse lung and heart-conditioned medium was used as CSA
at the final concentration of 10%. **Supernatant from long-term
culture of +/+ mouse marrow cells was added at the final
concentration of 20%.

Table 2. Presence of CPA and its target in +/+ and W/ WY mice

ml to the culture flask. Weekly feeding was continued as
before, and supernatants of the culture media were collect-
ed at each refeeding and assayed for colony promoting
activity. Supernatant thus collected was added to soft-agar
cultures of bone marrow cells for CFUc assay in the
presence of mouse lung and heart-conditioned medium as a
source of CSA”?, and colony promoting activity was ex-
pressed as the ratio of the number of colonies formed in the
presence of supernatant to that in the absence of the
supernatant. Since most of the supernatants from +/+
mouse marrow cultures and from marrow cultures of other
strains of mice showed a similar activity, they were pooled
together and used for the present study as +/+ superna-
tant. CFUe, BFUe and CFUmix were assayed using tech-
niques described by Hara and Ogawa’®. Marrow cells from a
BDFl mouse were incubated in a mixture containing
a-medium, 0.8% methylcellulose, 1% bovine serum albu-
min, 30% fetal calf serum, 1x107* M mercaptoethanol,
2.0 pg/ml of step Il preparation of sheep plasma erythro-
poietin and 15% spleen conditioned medium. Small ery-
throid colonies on day 2'° and erythropoietic bursts on
day 9'!, mixed colonies containing erythroid subcolonies
and more than 50 large cells were scored on day 14°. Spleen
conditioned medium (SCM) was made from murine spleen
cells according to the method described previously®.

Results and discussion. Addition of the supernatant of long-
term cultures of +/+ marrow cells increased the number
of granulocyte-macrophage colonies in soft-agar culture of
W/W’ marrow (table 1), indicating the existence of the
target cells of CPA in hemopoietic tissues of W/ W mice.
The 2nd experiment was designed to elucidate whether or
not supernatant from long-term cultures of W/W” marrow
cells contain CPA. Supernatant from W/W' marrow cul-
tures had sufficient activity to increase the number by a
factor of 2.2, whereas supernatant from +/+4 marrow
cultures increased the number by a factor of 1.45 (table 2).
This elevated level of CPA was confirmed by separate
experiments, and also by soft-agar culture of +/+ marrow
cells as target (table 2).

Our results demonstrate the presence of CPA in long-term
cultures of W/W' marrow cells and its target cells in
hemopoietic tissues of W/W’ mice. CPA induces the dif-
ferentiation or maturation of CSF-nonresponsive cells (pre-
CFUc) to CSF-responsive CFUc with or without cell
growth, but further differentiation of the CFUc requires
CSA™3, Early studies have suggested the presence of CPA
and immature granulocyte-macrophage progenitor cells or
‘pre-CFUC’ being its target'>'. Moreover, the state of

Supernatant from*

No. of colonies/10% +/+ marrow cells

No. of colonies/10° W/ W> marrow cells

CSA alone CSA +20% sup. Ratio** CSA alone CSA +20% sup. Ratio**
+/+ marrow culture 2094+ 8.8 141 2218+ 8.6 145
148.2+16.5 152.5+11.2
W/ WY marrow culture 342.7+21.1 2.31 338.5+14.9 2.22

Bone marrow cells were incubated in semi-solid agar culture with or without supernatant from long-term bone marrow culture. Gross
average of 7 separate experiments. *Supernatant from 4-14-week cultures. **Ratio= (sup. +/sup. —).
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maturation of CFUc subpopulations has been deter-
mined™, However, these observations do not rule out the
possibility that a subpopulation of CFUs may be one of the
targets of CPA, since some of the CFUs can also give rise to
granuloc¥te-macrophage colonies in the semi-solid culture
system %16,

Mice of W/ W" genotype are known to be depleted of genuine
CFUs. Transplantation of bone marrow cells from W/W"
mice does not give rise to macroscopical colonies in the
spleens of lethally irradiated recipient mice*". According-
ly, the presence of comparable numbers of ‘pre-CFUC¢ in
W/W® marrow cells and in +/+4+ marrow cells might
exclude the possibility that the target of CPA is CFUs.
Indeed, there were as many target cells of CPA in W/W"*
marrow (86/10° cells) as in +/+ marrow (73/10° cells)
(calculated from the data in table 1). It is also worth
remarking that W/ W’ marrow cells are capable of produc-
ing CPA to the same extent as + / + marrow cells (table 2).
However, previous studies have shown the presence of
microscopic colonies in the spleens of irradiated recipients
receiving W/ W’ marrow celis'” 8, It has also been shown
that W/ W’ marrow contains many pluripotent hemopoietic
precursors in vitro (CFU-mix) which are closely related to
CFUs". Thus, the results do not rule out the possibility of
the CPA-responsive cells being one of these precursor
populations. The effect of CPA on CFUmix and erythroid
colony formation was studied to clarify the possibility. As
summarized in table 3, CPA did not stimulate the prolifera-
tion and maturation of CFUmix, BFUe or CFUe. On the
contrary, CPA was rather suppressive to the proliferation of
these progenitor cells. It has also been reported that CPA
does not stimulate the proliferation of CFUs®. Accordingly
it may be concluded that CPA acts on myeloid committed
progenitors.

Based on the present findings and previous observa-
tions>*1%" it can be hypothesized that CPA induces matu-

Table 3. Effect of CPA on erythroid colony formation in vitro

No. of colonies/10° bone marrow cells

CFU-mix BFUe CFUe
SCM (5%) 6.8+ 1.0 15.7+3.6 48.1+9.0
Sup. (CPA) (5%) 0 0 0
SCM + Sup. 0 57+2.3 8.5+34

Bone marrow cells were incubated in 0.8% methylcellulose in
alpha medium in the presence of erythropoietin with further
addition of spleen conditioned medium (SCM) and/or supernatant
from long-term bone marrow culture containing CPA. Average of
duplicate experiments.

ration of ‘pre-CFUC¢” to CSA-responsive CFUc but not any
further, while CSF plays an essential role in the terminal
differentiation to granulocytes and/or macrophages (fig.).
We have recently shown the presence of CSA in long-term
marrow cultures®. Shadduck et al?' also found CSA in
their cultures. Thus, it is most likely that granulopoiesis in
long-term bone marrow cultures is controlled by 2 different
humoral regulators, namely CPA and CSA, and that both
regulators act in sequential co-operation.
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