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Bone marrow cells incubated under appro- 
priate conditions in vitro give rise to colonies 
of mature granulocytes and macrophages. 
These colonies arise from single cells, called 
colony forming cells or colony forming units 
in culture (CFU-C) (1-3). The maturation of 
CFU-C in vitro depends on the presence, in 
the culture medium, of a hormonelike regu- 
lator generally termed colony stimulating fac- 
tor (CSF), (4, 5) .  The number of colonies 
developing in culture is dependent on the 
amount of CSF incubated in the culture 
(1-3). In humans CSF activity-CSA is pro- 
duced by mononuclear cells (monocytes 
and/or lymphocytes - MNC) and tissue mac- 
rophages (6-8). Some other substances can 
enhance colony formation from CFU-C. 
These substances have no colony stimulating 
activity of their own. The best studied among 
these are the synthetic polynucleotides 
(PolyriboInosinic acid: PolyriboCytidilic 
acid-Poly I: Poly C, and Poly Adenylic acid: 
Poly Uridylic acid-Poly A:Poly U) (9-1 I), 
endotoxin ( 1  I ) ,  flagellin (12), and hemoly- 
sates of red blood cells (13). The mechanism 
by which these substances produce their ef- 
fect has not been fully determined. 

In a previous study we domonstrated that 
Poly 1:Poly C added to in vitro cultures of 
human bone marrow cells led to an increase 
in the size and number of granulocytic colo- 
nies produced from CFU-C (10). The present 
studies were done to determine the mecha- 
nism of colony enhancing effect of this syn- 
thetic polynucleotide. It has been shown that 
Poly I: Poly C enhances colony formation 
only in the presence of mononuclear cells and 
that addition of Poly 1:Poly C to mononuclear 
cell cultures increases CSA production. These 
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data indicate that the enhancing effect of 
Poly 1:Poly C is the result of stimulation of 
increased CSA and not through a direct effect 
on CFU-C. 

Materials and methods. Blood and bone 
marrow used in these experiments were ob- 
tained from normal healthy donors in accord- 
ance with the rules of the Human Research 
Committee of the University of Colorado 
Medical Center. 

Blood and bone marrow buffy coats were 
obtained by gravity sedimentation from spec- 
imens collected in heparin. The cells were 
used unseparated in some experiments and 
after fractionation in others. Separation was 
carried out with ficoll-hypaque gradient and 
glass adherance as detailed below (14, 15). 

Bone marrow cultures. The bone marrow 
was cultured using the technique of Robinson 
and Pike (3) with certain modifications. 
Briefly this consisted of petri dishes with two 
layers of semisolid agar with McCoy's 5A 
medium and 15% fetal calf serum. The lower 
layer consisted of a stimulus (feeder) layer 
which was the source of CSA and the upper 
layer was the target layer containing CFU-C. 
The petri dishes were incubated at 37" in an 
atmosphere of 7.5% C 0 2  in air with full hum- 
idification. After 12- 14 days the colonies ob- 
tained from CFU-C's were counted under a 
dissecting microscope. 

Sources of CSF. Whole blood buffy coat 
feeder layers (1 x lo6 cells/ml), which in- 
cluded lymphocytes and monocytes, were 
used in some experiments as a source of CSA. 
In other experiments human placental con- 
ditioned medium (PCM) was employed. This 
has been shown to be a potent source of CSA 
for human bone marrow cultures, and was 
prepared by the technique of Burgess et al. 

Conditioned medium obtained by incuba- 
tion of MNC in McCoy's medium (see below) 
was also used as a source of CSA and the 
amount of CSA present in the conditioned 

(16). 
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medium was assayed using separated human 
bone marrow cells. 

Sources of CFU-C. Whole bone marrow 
buffy coat (unseparated) was used in some 
experiments while in others bone marrow was 
used after removal of mature granulocytes 
and monocytes (separated). Unseparated 
bone marrow was plated at a concentration 
of 2 x lo5 cells/ml and separated bone mar- 
row was plated at a concentration of 5 x lo4 
cells/ml. 

Cell separation technique (14). Blood or 
bone marrow buffy coat was diluted 1 : 1 with 
McCoy's 5A medium and layered over a 
ficoll-hypaque gradient, specific gravity 
1.077, in a ratio of 6:4. Following centrifu- 
gation at 400g for 35 min, the cells at the 
interface were removed and washed twice in 
McCoy's 5A medium. The interface from 
blood buffy coat consisted of about 30% mon- 
ocytes and 70% lymphocytes. This served as 
the mononuclear (MNC) fraction. The inter- 
face from bone marrow consisted of mono- 
cytes, lymphocytes and immature white cell 
precursors and included the CFU-C. The 
mature granulocytes and nucleated red cells 
go to the bottom of the gradient. The bone 
marrow was further processed by glass ad- 
herance to remove the monocytes. 0.5-1 x 
1 Ox cells/ml from the ficoll-hypaque gradient 
were placed in 100 mm glass petri dishes in 
10 ml of McCoy's medium for 30 min at 37". 
The nonadherant cells were then removed by 
gentle flushing and suction ( 1  5) .  

Preparation of conditioned media. Mono- 
nuclear cells (lymphocytes and monocytes) 
from peripheral blood were obtained from 
the interface of the ficoll-hypaque gradient 
and washed twice in McCoy's 5A medium. 
The MNC were incubated in different con- 
centrations in McCoy's 5A medium at 37" 
for 72 hr. Cell concentrations from 0 to 10 
x 106/ml were used. Each concentration of 
cells was incubated with Poly 1:Poly C in 
concentrations varying from 0 to 100 ng/ml. 
These experiments were carried out with and 
without 20% autologous serum in the me- 
dium. After incubation the medium was cen- 
trifuged and the supernatant was assayed, as 
described above, for its CSF activity. For this 
purpose 0.1 ml of the conditioned medium 
was incorporated in the stimulus layer. Poly 
1:Poly C used in these experiments was ob- 

tained from Microbiological Associates, Be- 
thesda, MD in a concentration of 1 mg/ml. 
(Lot No 90890). Appropriate dilutions were 
made in physiological saline. 

Outline of experiments 
a. Culture of unseparated bone marrow 

with whole blood buffy coat feeder layers as 
a stimulus with varying concentrations of 
Poly 1:Poly C from 0 to 1.0 pg/ml. 

b. Culture of separated bone marrow with 
PCM as a source of stimulus with varying 
concentrations of Poly 1:Poly C from 0 to 1.0 

c. Assay of conditioned medium, for CSF 
activity, as obtained with different concentra- 
tions of MNC (0-10 X lO'/ml) and Poly 
1:Poly C (0-100 ng/ml) in the incubation 
mixture. 

Results. The effect of different concentra- 
tions of Poly 1:Poly C on the colony forming 
ability of normal human bone marrow in the 
presence and absence of mononuclear cells is 
shown in Tables I and 11. When unseparated 
bone marrow was cultured in the presence of 
a feeder layer of whole blood buffy coat, 
there was a marked enhancing effect with the 
addition of Poly 1:Poly C to cultures (Table 
I). With 0.01 and 0.1 pg of Poly 1:Poly C per 
plate there was a 20% and 45% increase in the 
number of colonies produced. With a higher 
concentration of 1 .O pg/plate the increase was 
still 29% above the control. The difference 
between control cultures and cultures with a 
concentration of 0.1 pg  is statisically signifi- 
cant ( P  < 0.05). Even though statisically sig- 
nificant changes were not seen at different 
concentrations there is little doubt that Poly 
1:Poly C enhances colony growth in the cul- 
ture system, The changes are quantitativly 
inconsistent but the general trend is one of 
enhancement of colony numbers. When the 
experiment was done with separated human 
bone marrow, devoid of MNC, with PCM as 
the source of CSA, the addition of Poly 1:Poly 
C led to a reduction in the number of colonies 
produced (Table TI). These experiments sug- 
gested that the effect of Poly 1:Poly C was 
mediated through the MNC which were pres- 
ent in the unseparated bone marrow and/or 
the feeder layers. 

Studies were then done to determine the 
effect of Poly 1:Poly C on CSA production by 

pg/ml. 
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TABLE I. EFFECT OF DIFFERENT CONCENTRATIONS OF POLY I:POLY C ON THE NUMBER OF COLONIES 
PRODUCED FROM 2 x 10" UNSEPARATED HUMAN BONE MARROW CELLS STIMULATED WITH A FEEDER LAYER 

CONTAINING 1 x 10" WHOLE PERIPHERAL BLOOD BUFFY COAT CELLS. 

Concentration of Poly 1:Poly C pg per plate 

Exp. No. 0 0.0 1 0.1 1 .O 

I 155 171 (110)" 178 ( I  15) 189 (122) 
2 3 15 366 ( I  16) 529 (168) 432 (137) 
3 1 1 1  160 (144) 180 (162) 150 (135) 

Percent of Control - 120 +_ 8.6 145 f 14.6 129 f 3.9 
Mean f SEM 

4 35 37 (106) - 43 (123) 

' I  Numbers in parentheses indicate percent of control. 

TABLE 11. EFFECT OF DIFFERENT CONCENTRATIONS OF POLY I:POLY C ON THE NUMBER OF COLONIES 
PRODUCED FROM 5 x lo4 SEPARATED HUMAN BONE MARROW CELLS STIMULATED WITH A FEEDER LAYER 

Concentration of Poly 1:Poly C p g  per plate 

CONTAINING 0. I ml OF HUMAN PLACENTAL CONDITIONED MEDIUM. 

EXD. No. 0 0.0 I 0.1 I .O 

I 80 43 (54)" 56 (70) 44 (55) 
2 80 70 (88) 67 (84) 65 (81) 
3 53 59(111)  42 (79) 36 (68) 
4 48 55 ( I  15) 34 (71) 32 (67) 

Percent of Control - 91.5 k 14 76 k 3.4 68 f 5.3 
Mean +_ SEM 

'' Numbers in parentheses indicate percent of control. 

MNC in liquid culture. MNC in increasing 
concentrations (0- I o x 1 0' cells/ml) were 
incubated in McCoy's medium alone and 
with Poly 1:Poly C in two concentrations (10 
and 100 ng/ml). The conditioned medium 
obtained after 72 hr was assayed for CSA 
using human bone marrow from which 
mononuclear cells had been removed. The 
results of these studies are shown in Fig. 1. It 
can be seen that the number of colonies stim- 
ulated by MNC conditioned medium without 
Poly 1:Poly C was related to the number of 
MNC. Further, it can be seen that the amount 
of CSF produced in the MNC conditioned 
medium for any given cell concentration was 
enhanced by the addition of Poly 1:Poly C. 
At a cell concentration of 1.25 X 10' 
MNC/ml no CSF activity was detectable in 
the absence of Poly 1:Poly C. With 10 ng/ml 
of Poly 1:Poly C, 38 colonies were stimulated 
and with 100 ng/ml 12 colonies, indicating 
increased CSA generation by MNC in the 
presence of Poly 1:Poly C. At cell concentra- 
tions of 2.5 and 5.0 x lO'/ml the control 
MNC conditioned medium stimulated the 
production of 16 and 29 colonies, respec- 
tively. With the addition of both 10 ng and 
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FIG. I .  Colony stimulating factor (CSF) activity 
from MNC conditioned medium with and without Poly 
1:Poly C. The different concentrations of MNC em- 
ployed in the preparation of conditioned medium are 
shown below the horizontal axis. The vertical axis shows 
the number of colonies produced when 0. I ml of condi- 
tioned medium was used as a stimulus for 5 X lo4 
separated normal human bone marrow cells. The vertical 
bars show the number of colonies produced by each type 
of conditioned medium. The control is shown by hori- 
zontal slashed bars, 10 ng/ml of Poly 1:Poly C is shown 
as oblique slashed bars and 100 ng/ml of Poly 1:Poly C 
is shown as solid bars. 
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100 ng of Poly 1:Poly C, CSF production was 
enhanced. At a MNC concentration of 0.6 X 
106/ml and in the absence of MNC no CSF 
activity was seen with or without Poly 1:Poly 
C indicating that Poly 1:Poly C had no CSF 
activity of its own. With a MNC concentra- 
tion of 10 x 10'/ml the number of colonies 
produced by conditioned medium from con- 
trol cultures and from cultures containing 
Poly 1:Poly C was not different. This may 
have been the maximum measurable re- 
sponse, limited by the number of available 
CFU-C in this experiment. 

Discussion. Previous data from our labo- 
ratory (10) and from others (9) has suggested 
that the enhancing effect of Poly 1:Poly C on 
colony formation was mediated through an 
action on the CFU-C which is the target cell 
for CSF. It was suggested that Poly 1:Poly C 
made the target cells more sensitive to CSF. 
This was based on the observation that 
showed the enhancing effect of Poly 1:Poly C 
was the same regardless of whether freshly 
prepared or 7-10 day old feeder layers were 
used (10). Earlier data from our laboratory 
have shown that after 5 days whole blood 
buffy coat feeder layers are not capable of 
producing additional CSA (17). We inter- 
preted these results to indicate that Poly 
1:Poly C acted on the target cells. However, 
in these initial experiments unseparated nor- 
mal bone marrow cells were empolyed as the 
target cell layer and the possible effect of Poly 
1:Poly C on the monocytes in the target bone 
marrow cells, as well as the MNC in the 
peripheral blood feeder layers, was not taken 
into consideration. McNeil et al. (9) had also 
suggested that the effect of Poly 1:Poly C was 
on the target cells and not on CSA produc- 
tion. They had employed protamine sulfate 
in their culture system. With the addition of 
protamine sulfate the enhancing effect of 
Poly 1:Poly C was abolished. Protamine sul- 
fate causes cellular uptake of Poly 1:Poly C 
which, it was thought, led to less Poly I: Poly 
C being available on the cell surface for its 
action. 

The current data, however, suggest an al- 
ternative explanation. The enhancing effect 
of Poly 1:Poly C on colony formation was 
seen only in the presence of MNC with the 
use of unseparated bone marrow and whole 
blood buffy coat feeder layers. No enhance- 

ment was seen when a fixed amount of CSA 
was provided in the system in the form of 
PCM as the stimulus and separated bone 
marrow cells devoid of MNC as the target 
layer. Since feeder layers and unseparated 
bone marrow contained MNC, which are the 
major source of CSA production, it seemed 
likely that Poly 1:Poly C leads to increased 
production of CSF from these cells. In the 
absence of CSF producing cells (PCM with 
separated bone marrow) the enhancing effect 
of Poly 1:Poly C was not seen. 

The experiments using MNC conditioned 
medium further support this explanation. The 
addition of Poly 1:Poly C to the MNC incu- 
bation medium enhanced the amount of CSF 
produced in the system. This enhancing effect 
was seen at different numbers of MNC and 
for different concentrations of Poly 1:Poly C. 
At each concentration of MNC the additon 
of Poly 1:Poly C increased the CSA produc- 
tion proportional to the concentration of Poly 
1:Poly C in the medium. This effect, however, 
was not seen when 10 x lo6 cells were used 
in the incubation system. 

The possibility that Poly 1:Poly C might 
directly stimulate colony formation has been 
excluded. In the absence of MNC or with 
very low concentrations of MNC, Poly 1:Poly 
C had no effect on colony formation. If Poly 
1:Poly C, transferred from the conditioned 
medium to the assay system, was responsible 
for the colony enhancing effect, it should 
have been seen in incubation mixtures with- 
out MNC. 

Ruscetti and Chervenick (1 1) have shown 
an increase in the CSA release from MNC in 
the presence of Poly 1:Poly C when assayed 
on separated mouse bone marrow. Our ex- 
periments have shown the same effect for 
human bone marrow and have also shown a 
regular dose related effect with both the con- 
centrations of MNC and of Poly 1:Poly C. 

The means by which Poly 1:Poly C en- 
hances CSA production by MNC has not 
been determined. A number of other materi- 
als, largely derived from microorganisms, 
have been shown to have a similar effect (1 1, 
12). Although not clearly demonstrated, it 
has been suggested that this is the result of 
antigenic stimulation and this is one possibil- 
ity to be considered. It is of interest that Poly 
1:Poly C also stimulates interferon production 
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by cells (18). The relationship between this 
and the present noted effect is of particular 

5. Stanley, E. R.; Hansen, G., Woodcock, J., and Met- 
calf, D., Federation Proc. 34,2272 (1975). 

interest since interferon has been shown to 6. Chervenick, P. A., and LoBoglio, A. F., Science 178, 

inhibit colony formation in murine and hu- 
man systems (19-2 1). 

Recent studies have suggested that Poly 
1:Poly C may be useful in the treatment of 
various human neoplastic disorders (22). No 
reports have indicated the effect of this sub- 
stance on granulopoiesis in vivo. The findings 
reported here indicate that such effects should 
be sought, and that further studies may give 
important information regarding the physio- 
logic effects of Poly 1:Poly C. 

Summary. The effect of Poly 1:Poly C on 
the production of colony stimulating factor 
activity (CSA) by mononuclear cells (MNC) 
has been studied. Poly 1:Poly C enhanced 
CSA production from whole blood buffy coat 
feeders, unseparated bone marrow (contain- 
ing MNC) and from MNC incubations. Poly 
1:Poly C had no effect on separated bone 
marrow (devoid of MNC) stimulated with 
placental conditioned medium. 

These experiments suggest that the colony 
enhancing effect of Poly 1:Poly C is on the 
production of CSA and not the colony form- 
ing unit in culture. 

1. Metcalf, D., and Moore, M. A. S., in “A Ciba 
Foundation Symposium Haemopoietic Stem Cells” 
(J. F. Loutit, ed.), p. 157. Associated Scientific Pub- 
lishers, New York (1973). 

2. Lagunoff, D., Pluznik, D. H., and Sachs, L., J. Cell 
Physiol. 68, 385 (1966). 

3. Robinson, W. A., and Pike, B. L., in “Symposium 
on Hemopoietic Cellular Differentiation” (F. Stohl- 
man, Jr., ed.), p. 249. Grune & Stratton, New York 
(1970). 

4. Metcalf, D., Exp. Heme. 1, 185 (1973). 

7. 

8. 

164 (1972). 
Moore, M. A. S., and Williams, N., J. Cell. Physiol. 
79,283 (1972). 
Golde, D. W., Finley, T. N., and Cline, M. J., Lancet 
2, 1397 (1972). 

9. McNeill, T. A., Immunology 21, 741 (1971). 
10. Mangalik, A., Robinson, W. A., and Nath, I., Proc. 

SOC. kxp. Biol. Med. 148, 816 (1975). 

Med. 83, 64 (1974). 
I I .  Ruscetti, F. W., and Chervenick, P. A., J. Lab. Clin. 

12. MkNeill, T. A., Immunology 18, 39 (1970). 
13. Bradley, T. R., Telfer, P. A., and Frye, P., Blood 38, 

353 (1971). 
14. Boyum, A., Scand. J. Clin. Lab. Invest. 21, (Suppl. 

97) 77 (1968). 
15. Mesner, H., Till, J. E., and McCulloch, E. A., Blood 

42,701 (1973). 
16. Burgess, A. W., Wilson, E. M. A., and Metcalf, D., 

Blood 49, 573 (1977). 
17. Otsuka, A., Robinson, W. A,, and Entringer, M. A., 

in “Proceedings of the 6th Leukocyte Culture Con- 
ference” (M. R. Schwarz, ed.), p. 37. Academic Press, 
New York (1972). 

18. Metz, D. H., Adv. Drug Res. 10, 101 (1975). 
19. Gresser, I., Bandu, M. T., Tovey, M., Bodo, G., 

Paucker, K., and Stewart, W., Proc. SOC. Exp. Biol. 
Med. 142,7 (1973). 

20. McNeill, T. A., Havredacki, M., and Fleming, W. 
A., in “Effects of Interferon on Cells, Viruses and 
the Immune System” (A. Geraldes, ed.), p. 431. 
Academic Press, London, New York, San Francisco 
(1975). 

21. Greenberg, P. L., and Mosny, S. A., Cancer Res. 37, 

22. Robinson R. A., DeVita, V. T., Levy, H. B., Baron, 
S., Hubbard, S. P., and Levine, A. S., J. Nat. Cancer 
Inst. 57, 599 (1976). 

1794 (1977). 

Received July 12, 1977. P.S.E.B.M. 1978, Vol. 158. 


