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The capacity of mouse peripheral blood and spleen mononuclear cells to produce
GM-CSF or CSA, in response to the stimulation by different mitogens (PHA, PWM
and ConA) was studied. Each different kind conditioned medium was tested on target
bone marrow from BALB/C mice.

A significant decrease in the number of CFU-GM, was observed using peripheral
blood conditioned medium stimulated by PHA or ConA in comparison with spleen
conditioned medium in response to identical mitogens. When PWM is used as source
of GM-CSF, significant differences between spleen and blood conditioned media were
not observed. The possible significance of these findings is discussed.

In vitro colony formation from nor
mal progenitor hemopoietic cells is com
pletely dependent of the presence of ad
equate concentration of some specific stim
ulating factors (CSF), also denominated
colony-stimulating activity (CSA), in the
culture medium. Hemopoietic colony for
mation therefore permits simultaneously
two types of applications: 1) Its provides
a method of enumerating codified hemo
poietic progenitor cells, and 2) It is a
good method for assaying specific growth
stimulating factors (CSF or CSA) oper
ating on target hematologic progenitors.

For the CFU-GM (granulocytic-macro-
phagic colony forming units) production,
adequate concentrations in the culture
medium of granulocytic-macropbagic col
ony stimulating factor (GM-CSF) are
necessary. This factor can be isolated
from salivary gland, lung, thymus, kidney
and spleen (8). Tissues effectives in pro
duction of large amounts of GM-CSF in
vitro are lung, heart bone stromal tissue
(3, 6, 10). The most commonly used
methods for producing high concentra
tions of GM-CSF arc: pregnant uterus
and embryo extracts (2), lymphocyte con
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ditioned medium (1), mouse lung condi
tioned medium (9), mouse L-cell con
ditioned medium (6), supernatant of one
way mixed-lymphocyte-reaction (MLR)
and from spleen cells of animals with
graft-versus-host disease (4).

The purpose of this paper is to study
the capacity of mouse peripheral blood
and spleen cells for producing GM-CSF
in response to the stimulation by different
mitogens.

Materials and Methods

Mice. Mice used were 45 weeks old
BALB/C from the London Hospital Med
ical College and bred in our laboratory.

Conditioned medium. Peripheral blood
from 10 animals was collected from ret-
roorbital sinus with heparinized sterile
capillar. The spleen from 5 animals was
removed aseptically, minced with scissors
and gently pressed through a mesh screen
to produce a single cells suspension. Both
peripheral blood and spleen cells suspen
sions were layered on a Ficoll-Hypaque
gradient and centrifugated at 800 g at
20° C for 10 minutes. The mononuclear
layer was collected and washed three
times with McCoy 5A medium (Gibco).
The cell concentration was adjusted to
10° cells/ml in Me Coy 5A medium sup
plemented with 20% foetal calf serum,
antibiotics and L-glutamine. Phytohemag
glutinin (PHA), Pockweed mitogen
(PWM) and Concanavalin A (ConA) at 0.1
mg/ml (final concentration) were added to
10 ml of the above described cells sus
pensions respectively, to prepare the dif
ferent conditioned medium. After seven
days of incubation at 37° C in fully hu-
midfied atmosphere of 7.5 % CO, in air,
the tubes were centrifuged at 3,000 g at
20° C for 10 minutes. The supernatant
was collected and fractionated in aliquots
and stored at —20° C until use.

CFU-GM assay. Bone marrow cells
were collected by washing the femur of 

the animals with 2 ml of McCoy 5A
medium and layered on Ficoll-Hypaque
gradient and centrifugated at 800 g at
20° C for 10 minutes. The mononuclear
layer was collected and washed three
times with culture medium. The cell con
centration was finally adjusted to 2 X 10s
cells/ml in 0.5 % agar-medium (Me Coy
5A enriched with foetal calf serum) at
37° C and plated in 1 ml aliquots on
35 mm Petri dishes. 100 microliters of
conditioned medium obtained from both
peripheral blood and spleen cells stim
ulated by the above described different
mitogens, were dispensed in duplicated
plates as source of GM-CSF. After in
cubation at 37° C in a fully humidified
atmosphere of 7.5 % CO2 in air for
14 days, granulocytic-macrophagic colonies
(aggregates of more than 40 cells) were
scored in a inverted microscope (Olympus
CK Japan). For the identification of the
colonies, the agar dishes were dessicated
and stained as previously described by
Torres et al. (12).

Statistical significance. Statistical sig
nificance of the experiments was assessed
by a paired Student’s t-test.

Results

The number of CFU obtained with
conditioned medium from spleen and pe
ripheral blood cells stimulated with dif
ferent mitogens (PHA, PWM and ConA)
are shown in table I.

It is observed a significant increase in
the number of CFU-GM when spleen
instead peripheral blood cells-conditioned
medium were obtained with stimulation
by PHA or ConA. This difference was
not observed when PWM was used as
promoting of GM-CFS by both spleen
and peripheral blood cells. On the other
hand, there are not significant differences
in the CFU-GM growth when spleen cells
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Table I. Differences in CFU-GM growth in
relation with the type of mitogen-induced con

ditioned medium used as source of C.S.A.
Result represent the arithmetic mean ± S.E.M.
of 5 experiments. PHA = Phytohemagglutinin;
PWM = Pockween mitogen; CON-A = Conca-

navalin A.

Mitogen
(0.1 mg/ml)

Conditioned medium
Peripheral

blood Spleen p

PHA 21.0 ±2.40 35.1 ±3.26 <0.001
PWM 41.4 ±4.06 39.8 ±3.66 N.S.
CON-A 26.6 ±4.06 39.0±3.15 <0.01

N.S. = p > 0.05.

are used as source of different condi-
tioned medium, in response to the three
studied lectins. However, it can be ob
served a significant decrease in the CFU-
GM growth, when is considered condi
tioned medium from peripheral blood in
response to PHA and ConA in compar
ison with PWM.

Discussion

Table I shows that GM-CSF produc
tion in response to PHA and ConA, is
significantly higher when spleen cells are
used instead of peripheral blood cells as
source of conditioned medium. However,
there were no significant differences in
CFU-GM growth whether we added
PWM-peripheral blood-CSF or PWM-
spleen cells-CSF

It is well known that PHA and ConA
stimulate selectively T-cells, whilts PWM
stimulate both T and B lymphocytes (5).
In this sense, lymphocytes seem to have
a crucial role in the CSF production, since
thymectomy reduces the number of CFU-
S in mouse bone marrow (14) and the
simultaneous injection of thymocytes and
bone marrow cells improve the growth of
CFU-S in the spleen (11).

Lymphocytes are important factories
of different lymphokines and it has been
suggested that lymphocytes themselves are 

able to produce CSA (13). However, it
has been also suggested that mononuclear
phagocytes may be stimulated by a lym-
phokine to release CSA, having the lym
phocytes an indirect action (4). Thus, our
results could be explained by the differ
ent action of mitogens on several lym
phocytes subpopulations, although it can
be also possible that the differences in
CSA production observed, could be due
to the different effect of these lectins act
ing directly on the macrophages, since it
has been stablished that PHA, ConA and
PWM have a different effect on the mono
kine release by macrophages (7).

Our results do not permit to clarify if
the differences in the GM-CSF produc
tion are due to a different effect of each
mitogen acting on lymphocytes, modifi-
cating the lymphokines releasing from
these cells, or if these lectins act directly
changing the CSF production from mono
nuclear phagocytes. However, further
studies of these cell populations and their
interactions are necessary to provide more
information about the role of lympho
cytes and macrophages on hemopoiesis
and its importance in clinical situations.

Resumen

Se estud ia la capacidad de las ctiulas mo-
nonucleares de sangre perifdrica y de bazo de
rat6n BALB/C para producir GM-CSF o CSA,
en respuesta a la estimulacidn con diferentes mi-
t6genos (PHA, PWM y ConA). Cada uno de los
distintos medios condicionantes obtenidos fue-
ron valorados sobre mGdulas 6seas dianas prece-
dentes de la misma cepa de ratones, para ver
la capacidad de inducir el crecimiento de CFU-
GM. Se observa un descenso significative en
el niimero de CFU-GM cuando se utiliza medio
condicionante procedente de sangre perifcrica
e inducido con PHA o ConA, en comparacion
con medios condicionantes procedentes de ce-
lulas mononucleares espltSnicas estimuladas por
estos mismos mitdgenos. Cuando se utiliza
PWM en la estimulacion de la production de
GM-CSF, no se observan diferencias significa
tions entre el crecimiento de CFU-GM indu- 
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cido por medio condicionante procedente de
bazo o de sangre perifGrica.

References

1. Austin, P. E., Me Culloch, E. A. and
Till, J. E.: J. Cell. Physiol., 77, 121-133,
1971.

2. Bradley, T. R., Stanley, F. R. and Sum
mer, M. A.: Aust. J. Exp. Biol. Med. Sci.,
49, 595-603, 1971.

3. Chan, S. H. and Metcalf, D.: Blood, 40,
646-653, 1972.

4. Gordon, M. Y. and Gordon-Smith, E. C.:
Brit. J. Haematol., 47, 163-169, 1981.

5. McConnell, I.: In «The Immune sys
tems (Hobart, M. J. and Me Connell, I.,
eds.). Blackwell Sci. Publ. Oxford, 1978,
pp. 98-119.

6. Metcalf, D., McDonald, H. R., Odar-
chenko, N. and Sordat, B.: Proc. Nat.
Acad. Sci. (Wash.), 72, 1744-1748, 1975.

7. Oppenheim, J. J., Moore, R., Gmelig-
Meylino, F., Togawa, A., Wahl, S., Ma-
thienson, B. J., Dougherty, S. and Car
ter, C.: In «Macrophage regulation of
immunitys (Unanue, E. R. and Rosenthal,
A. S., eds.). Academic Press Inc. New
York, 1980, pp. 379-398.

8. Sheridan, J. W. and Stanley, F. R.: J.
Cell. Physiol., 78, 451-459, 1971.

9. Sheridan, J. W. and Metcalf, D.: J. Cell.
Physiol., 81, 11-24, 1973.

10. Sheridan, J. W. and Metcalf, D.: Proc.
Soc. exp. Biol. (N.Y.), 146, 218-221, 1974.

11. Shinpock, S. G. and Gooman, J. W.: Cell.
Tissue Kinetics., 11, 111-117, 1978.

12. Torres, A., Manzanares, M. R., Garci'a-
Castellano, J. M., Garcia, M., Prieto,
B. and Calzado, M. C.: Sangre, 26, 187-
193, 1981.

13. Unanue, E.: N. Engl. J. Med., 303, 977-
984, 1980.

14. Zipori, D. and Trainin, N.: Exp. Haema
tol., 3, 389-398, 1975.


